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————=] LECTRIC CURRENT, a form of molecular 
activity which manifests itself by its results 
1) in producing heat, light and magnetic action, 
is the subject with which we shall have to 
deal in this issue; for all electric equipment 
is used for the purpose of generating, transforming and 
delivering electric current to be used in one of the three 
forms of manifestation. Light and heat are phenomena 
with which we become familiar from our earliest years but 
the magnetic field which cannot be perceived by any of the 
human senses, seems mysterious. From its minutest values 
which are utilized in radio apparatus to the powerful fields 
of lifting magnets which raise tons of iron, we know of 
the existence of such a field only by the results which it 
produces. For convenience, a magnetic field is considered 
to be filled with “magnetic lines” which we call magnetic 
flux and which are closed loops forming the magnetic cir- 
cuit. 

In like manner, we speak of the closed path through 
which electric current flows as an electric circuit and there 
are many striking resemblances between the properties of 
the magnetic and the electric circuits. The forces which 
set up activity in these circuits we speak of as electromo- 

.tive force and magnetomotive force; in either case, the 
greater the force, the stronger will be the activity set up. 
Likewise, in either circuit there is opposition to the setting 
up of activity, (“resistance” for electric current or “reluc- 
tance” for magnetic flux), which will depend on the mate- 
rial of the path of the current or flux and the length and 
area Of cross section of that path. The longer the path, 
the greater the resistance; the greater the area, the less 
the resistance and vice-versa. 

Such materials as conduct electricity readily we speak 
of as conductors and those which resist electric flow as non- 
conductors. On the other hand, those materials which per- 
mit of large magnetic activity are called magnetic mate- 
rials and are said to have high permeability while others 
are called non-magnetic. Most metals are conductors, 
although they vary greatly in effectiveness. Only iron and 
steel are highly magnetic ; nickel is slightly so but all other 
substances are non-magnetic and have strong reluctance to 
the setting up of magnetic flux through them. 

Strength of the activity in an electric or magnetic cir- 
cuit is measured and tested by the heat or magnetic effects 
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produced by that activity, the heat effect usually being 
registered by the expansion of a wire and the magnetic 
effect by the pull exerted on a permanent magnet of hard- 
ened steel or the pull between two coils, both of which 
carry electric current. In the electric circuit, the relation 
of the three factors is expressed by the formula: 


Current = Electromotive Force -—-- Resistance 


In the magnetic circuit the same relation is expressed 
by the formula: 


Flux = Magnetomotive Force -~ Reluctance 


INTERRELATION OF ELECTRIC CURRENT AND MAGNETIC 
FIELD 


Electric current flowing sets up a magnetomotive force 
and, conversely, magnetic flux moving sets up electromotive 
force. In Fig. 3 the first case, the flux set up will be 
dependent upon the reluctance of the magnetic circuit and 
in the second case the current set up will depend upon the 
resistance of the electric circuit. The one case is the 
production of an electro-magnet for a dynamo field or 
other purpose; the other case is the production of voltage 
in the armature of a dynamo or the coils of a transformer. 
Both activities are used in practically every piece of elec- 
trical equipment and generally react on each other to a 
greater or less extent. When we speak of magnetic flux 
moving, it may be the result of motion of the magnetic 
field itself, of motion of conductors across the field or of a 
change in the strength of the field, both magnetic and 
electric circuits remaining stationary. When the strength 
of the field is increased, more lines of magnetic force are 
created as closed loops and these, sweeping across the con- 
ductors which may be in the field, have the same effect in 
creating electromotive force as if the field were moved 
bodily. 

It is not possible to go into the methods by which units 
for measurement of electric and magnetic quantities are 
derived but the strength of magnetic field is measured by 
the density of the flux the unit being one magnetic line per 
square centimeter, called the Gauss; the unit of magneto- 
motive force is that which will set up unit field through 
unit reluctance and is called the Gilbert; the unit of reluc- 
tance is called the Oersted. All these units have been named 
after noted pioneers in the field of electrical and magnetic 
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investigation. Electrical units, the Volt, Ampere and 
Ohm are more familiar and need no comment. 

To get a quantitative relation between the electric and 
magnetic activities, it is established that the cutting of one 
hundred million lines of force or gausses per second by a 
conductor will set up an electromotive force of one volt. 
Conversely, the flow of one ampere of current through one 
turn of a coil, an ampere-turn, will produce a magneto- 
motive force of 1.2566 gilberts. 

One complicating factor enters into the magnetic cir- 
cuit which is not encountered in the electric circuit; while 
the resistance of conductors increases with temperature 
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would be turned to enter the cork the flux will be set up 
in the direction that the screw would move. On the other 
hand, if a conductor be moved through a field or a field 
moved across a conductor and the lines of force be con- 
sidered as elastic bands, the direction in which they pass 
around the conductor will be that of the forward twist of 
the cork-screw and the direction of the e.m.f. set up will 
be that of the forward motion of the screw. 

Another convenient rule is that, if the Center finger, 
Fore finger and thuMb of the right hand be placed at right 
angles, each to the others, the Center finger will represent 
the direction of Current, the Forefinger that of Flux and 
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FI@s. 1-5. ILLUSTRATIONS OF ELECTROMAGNETIC LAWS 
Fig. 1.-In the Electric Circuit Are Found Electromotive Force, Resistance,. Current and a 


Resulting Magnetic Field. Fig. 2 


In the Magnetic Circuit Are Found Magnetomotive Force, 


Reluctance, Magnetic Flux. Fig. 3. When Conductors Cut Across a Magnetic Field, Electro- 
motive Force Is Set Up in the Conductors. Fig. 4. Direction of Current and Resulting Magnetic 


Field Are Shown by the Twist and Forward Motion of a Corkscrew. Fig. 


5. Relations of Field, 


Motion of Conductor and E.m.f..in a Generator Are Easily Remembered by Fleming’s “Right- 
Hand” Rule. For a Motor, the Left-Hand Is Used in the Same Way. Fore Finger = Flux; 
ThuMb = Motion; Center Finger = Current. 


and therefore is slightly greater when carrying large cur- 
rents per unit of cross section, the effect is not of great 
importance within practical limits. But, in the magnetic 
circuit, the iron changes reluctance rather rapidly as the 
magnetic density increases, hence, in determining the 
reluctance of the iron or steel part of a magnetic circuit, it 
is always necessary to take account of the strength of the 
field through the circuit. In other words, the perme- 
ability of iron and steel varies with the density of the flux 
and must always be known. This is not true of other parts 
of the magnetic circuit, as the permeability of all non- 
magnetic substances is practically the same at all densities. 
DriRECTIONAL RELATION oF FIELD AND E.M.F. 


Fortunately, this is simple and easily remembered. If 
a coil carrying current is thought of as a cork-screw, 
with the current flowing in the direction that the screw 


the thuMb that of Motion of the conductor with respect to 
the magnetic field. 

Cutting of 100,000,000 lines of force per second will 
result in the generation of 1 volt of electromotive force, 
regardless of whether the cutting is by one or several con- 
ductors. It is possible to use the two sides of a coil con- 
nected in series and to join up any number of conductors 
into a coil in order to increase the total voltage generated. 
This is the method used in winding generator armatures. 

When a conductor is passing in front of a north mag- 
netic pole, the e.m.f. generated will be in one direction 
according to the rule already given; when passing in front 
of a south pole, the e.m.f. will be in the opposite direction 
in the conductor, Fig. 3. In the case of a rising and fall- 
ing magnetic field sweeping across stationary conductors, 
there is the same alternation in the direction of the gen- 
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erated e.m.f.; it is in one direction while the flux is in- 
creasing and in the other while the flux is decreasing. 
This is the condition in the windings of a transformer. 
In every case of electrical equipment, the e.m.f. generated 
by electro-magnetic action is alternating in the conductor 
and, if continuous flow of current is desired in one direc- 
tion, there must be some provision for “rectifying” the 
e.m.f. and current in the outside circuit. In direct-cur- 
rent dynamos, this is done by means of a commutator and 
brushes which change over the connection from the coils 
to the outside circuit as the conductors pass from one pole 
to another of opposite polarity. 

After a generator is built, the only way of varying the 
e.m.f. generated through change of armature action is by 
varying the speed of rotation and this is usually controlled 
by the prime mover to remain practically constant. An- 
other way to vary the e.m.f. generated is by varying the 


Production of E.m.f.’s 


ALTERNATING E.M.F. OF SINGLE TURN. 
PuHAsE RELATIONS OF SEPARATED COILS. 


N STUDYING the action of a magnetic field upon a 

moving conductor, we have seen that an electromotive 
force is generated in a conductor whenever it is passed 
through a magnetic field in such a way as to cut the lines 
of force. This law of electromagnetic induction, discov- 
ered in 1830 by Michael Faraday, is the fundamental prin- 
ciple underlying the action of practically all electrical 
machinery in use today. 

The simplest form of electric generator is a single loop 
or coil of wire, arranged to revolve between the poles of 
a magnet as shown in Fig. 1. The two ends of the loop 
are attached to collecting rings fitted with brushes to pro- 
vide a sliding contact between the revolving loop and the 
fixed external circuit. An electric current is therefore free 
to circulate in the loop and external circuit regardless of 
the motion of the loop. Since the lines of force pass from 
the N to the S pole, and since the loop is assumed to revolve 
in a clockwise direction, it will be evident by applying the 
right-hand rule that the currents induced in the two sides 
of the loop will have directions as indicated. In the right- 
hand side the direction of the current will be away from 
the collecting rings, while on the left-hand side it will be 
towards the rings. Since the two sides of the loop are in 
series, it is evident that the e.m.f.’s of both sides of the 
loop will be added just as the e.m.f.’s of two cells are 
added together when connected in series. 


CHARACTERISTICS OF INDUCED E.M.F. 

When the loop is in the horizontal position shown in 
Fig. 1 it is moving directly across the lines of force and is 
cutting them at the maximum rate, therefore the induced 
e.m.f. will be greatest at this time. A quarter of a revolu- 
tion later, the loop will have reached the vertical position 
shown in Fig. 2. At this instant both sides of the loop are 
moving parallel to the lines of force, hence no e.m.f. will 
be induced since no lines are being cut. The current 
therefore in the entire circuit will be zero. 

In Fig. 3, the leop has advanced another quarter of a 
revolution. The loop is again cutting the maximum num- 
ber of lines of force and the induced e.m.f. will again be 
at a maximum. It will be noted, however, that whereas in 
Fig. 1, the induced current in side C of the loop was away 
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strength of the field through which the conductors pass, 
which can be done by varying the ampere-turns of the field 
winding. This can be done by varying the number of turns 
which are active, as is sometimes done in motor control 
but is more generally accomplished by varying the cur- 
rent which flows in the windings. In some cases it is done 
by varying the reluctance in the magnetic circuit, shifting 
a movable section of the pole piece as may be required 
to give the result wanted. In this connection it should be 
noted that the reluctance of air is many times that of iron 
or steel so that substituting even a slight length of air for 
iron will greatly weaken the strength of the field. Even 
joints in the magnetic circuit increase the reluctance con- 
siderably, hence it is important, in order to reduce the 
energy used in setting up the field, that the air lengths in 
the magnetic circuit be kept as short as possible and joints 
be avoided or made with as perfect contact as possible. 


in a Generator 


Errect or Distrisutrep Cott. 
PropuctTion oF Direct E.m.r. 


from the ring, in this case it is towards the ring, and also 
the induced current in side D, instead of being towards the 
rings as it was in the position shown in Fig. 1, is now 
away from them. In other words, the current in the 
external circuit, E, has reversed. 

From this we see that during the half revolution con- 
sidered, the current decreased from maximum in one direc- 
tion, to zero and then increased to maximum in the oppo- 
site direction. The same conditions hold for the remain- 
ing half of the revolution, at the completion of which con- 
ditions will again be as shown in Fig. 1. 


GENERATION OF SINE WAVE 


It is apparent then that during a complete revolution 
of the loop the induced e.m.f. and current will undergo a 
series of values, which may be expressed in the form of the 
curve shown in Fig. 4. In this curve, known as a sine 
curve, the distance along the horizontal center line repre- 
sents time or angular movement of the loop. The distance 
along the vertical axis of the curye represents the value of 
the induced e.m.f., positive values being plotted above the 
line and negative values below. The curve shown in Fig. 
4 represents one complete cycle or one complete revolution 
of the loop. During the first quarter of the revolution the 
e.m.f, rises from zero to maximum, positive value; during 
the next quarter it decreases from maximum positive to 
zero; then passing through zero, during the next quarter 
it increases to maximum negative value; and finally, in 
the last quarter, decreases to zero. Thus, it is seen that a 
coil of wire suitably arranged to rotate between the poles 
of a magnet will have generated in it an alternating e.m.f., 
that is, an e.m.f. which reverses periodically. 

In the foregoing illustration, one revolution of the 
loop or armature produced one cycle or two alternations. 
It is apparent then that the frequency or number of cycles 
per second is dependent upon the number of revolutions 
of the armature per second. This, however, is not the only 
factor determining the frequency. The number of pairs of 
poles is another factor. 

That this is so will be evident, if we assume instead of 
one pair of poles as indicated in Figs. 1, 2 and 3, two. 
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pairs of poles as shown in Fig. 5. In this case each con- 
ductor will cut the magnetic flux four times during each 
revolution and will have generated in it, two complete 
cycles. 

In any generator, therefore, the frequency of the alter- 
nating current is determined by multiplying the speed in 
revolutions per second by the number of pairs of poles. 
To take an example, a generator with 2 pairs or 4 poles 
’ running at 1800 r.p.m. or 30 r.p.s. will generate alternat- 
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FIGS. 1-5. DIAGRAMS ILLUSTRATING THE PRODUCTION OF AN 
ALTERNATING ELECTROMOTIVE FORCE 


ing current having a frequency of 2 X 30 or 60 cycles 
per second. 


Errect or DistriBuTeD CorIL 


It is evident from the foregoing that if, instead of a 
single coil, we have a number of loops or turns connected in 
series the total voltage induced in the coil will be the sum 
of the separate e.m.f.’s induced in each turn. In Fig. 6 is 
shown what is known as a ring armature with a closed 
winding which is connected at diametrically opposite 
points to two collecting rings. With the coil in the position 
shown, the voltage E between the collector rings will be a 
maximum since the e.m.f.’s generated in the conductors are 
in the same direction on either side of the points where the 
rings connect to the winding. 


When the ring is in the posi- 
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tion shown in Fig. %, however, the electromotive force be- 

tween the rings will be zero since the e.m.f.’s generated in 
one half of the armature oppose those generated in the 
other half. 

The cyclic action described in the case of the single 
loop also exists in the case of a coil with many turns, but 
the electromotive force instead of being that due to two 
conductors cutting the field, is the sum of the separate 
e.m.f.’s induced in many conductors. The total e.m-f. 




















FIGS. 6-9. SHOWING EFFECT OF VARIOUS ARRANGEMENTS 
OF WINDINGS 


Ring armature with closed winding, voltage at maxi- 
Same armature as in Fig. 6, but with induced volt- 
Ring armature with concentrated winding. 
Two-phase winding. 


Fig. 6. 
mum. Fig. 7. 
age at zero. Fig. 8. 

Fig. 9. 


between collector rings at any instant is dependent upon 
the angular position of the rotor at that instant, and 
during a complete revolution varies from zero, to positive 
maximum, to zero, to negative maximum and back to zero. 

It will be noted, by referring to Fig. 6 that although 
in this position maximum voltage exists between collector 
rings the value of the e.m.f. induced in each turn is 
dependent upon its position with respect to the magnetic 
lines of force. The turns a, a’, for instance, are cutting 
the field at the maximum rate since they are moving at 
right angles to the direction of the field. These turns 
therefore will have maximum e.m.f., induced in them. 

The turns indicated at b, b’, however, are moving in 
directions parallel to the direction of the field, therefore 
no lines of force are being cut, and the e.m.f. induced in 
these turns is zero. The turns, ¢, c’, are cutting the field 
at an angle of approximately 45 deg. and the voltage 
induced in these turns will have a value somewhere be- 
tween zero and maximum. In a similar manner, the value 
of the e.m.f. that any particular turn contributes to the 
total e.m.f. between rings will vary in accordance with the 
angular position of the turn. 

This arrangement of conductors on the armature, 
therefore, does not give us the highest voltage possible, 
since some of the conductors are not contributing anything 
to the terminal e.m.f., i.e., the voltage induced in these 











turns is zero. Other turns, adjacent to b, b’, have only a 
slight e.m.f. induced in them. 

The idea occurs to us then, that if we could take the 
turns near the top and bottom of the ring and slide them 
down so that they would all be concentrated directly be- 
tween the field poles, as shown in Fig. 8 the idle turns 
near b, b’ would be eliminated. Furthermore, the entire 
winding now being concentrated between the field poles, 
the e.m.f. induced in each turn would be nearer maximum 
value than it was with the former arrangement, and the 
total maximum e.m.f. between collector rings would be 
higher. 

In order to secure as high a voltage as possible, there- 
fore, there is a distinct advantage in bunching the winding 
as close as mechanical considerations will permit. 

Now the question arises, what happens when several of 
these bunches of turns are connected in series? As long as 
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FIGS. 10-17. DIAGRAMS SHOWING PHASE RELATIONS OF 


POLYPHASE CURRENTS AND WINDINGS USED IN 
THEIR PRODUCTION 

Fig. 10. Wave diagram of two phase currents. Fig. 11. Three 
phase currents. Fig. 12. Delta and Star methods of connection. 
Fig. 13. Vector diagram of three phase currents. Fig. 14. Showing 
that addition of three currents 120 deg. apart equals zero. Fig. 
15. Showing effect of reversing coil. Fig. 16. Delta connection. 
Fig. 17. Star connection. 
only two collector rings are provided and the connections 
to these collector rings taken from opposite points of the 
series winding, nothing unusual happens. The separate 
bunches behave just as the single turns did in the uni- 
formly distributed winding, except that the e.m.f. of each 
bunch will be the sum of the e.m-.f.’s in the separate turns 
in that bunch. 

It is evident, however, that if we consider each of these 
concentrated windings, separately, the time of maximum 
induced e.m.f. will vary in the different windings. With 
four such coils placed on the ring 90 deg. apart, as shown 
in Fig. 9, it will be seen that when maximum voltage is 
induced in coils A and B, the induced voltage in coils C 
and D is zero. A quarter of a revolution later coils C and 
D will be generating maximum e.m.f. while coils A and B 
will be at zero potential. The e.m.f.’s generated in coils 
A and B and C and D pass through the same series of 
values but when one is at a maximum the other will be 
at zero. 

This is shown diagrammatically in Fig. 10. Here the 
two sine waves generated in the two windings are shown, 
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displaced from each other by 90 electrical degrees. The 
arrangement used for obtaining such currents is shown in 
Fig. 9. Here, it will be noted, two sets of collector rings 
are provided, connected to four equidistant points on the 
winding. 

If instead of placing the coils 90 deg. apart, we place 
three windings on the ring 120 deg. apart and connect 
these windings to three sets of collector rings, the machine 
will produce three separate e.m.f.’s, displaced 120 deg. from 
each other as shown diagrammatically in Fig. 11. This 
arrangement produces what is known as three-phase cur- 
rents. In practice, however, it is not always necessary to 
employ three sets of two collector rings each. Instead, 
only three or four collector rings are used and are con- 
nected to the winding in the manner shown in Fig. 12. 

In Fig. 13 is shown a diagram which gives the rela- 
tions of the three e.m.f.’s in a three-phase circuit. The 
three e.m.f.’s, it will be seen, are displaced 120 deg. That 
the vector sum of these three e.m.f.’s is zero can be shown 
as follows: By drawing b’ Fig. 14 parallel to b, and 
a’ parallel to a, and drawing the diagonal of the parallel- 
ogram thus formed, we find that the sum of e.m.f.’s a and 
b is d. It will be noted, however, that d is exactly equal 
to e.m.f. c but opposite in direction; they, therefore, neu- 
tralize each other, and the resultant e.m.f. is zero. 

It is possible because of these phase relations to con- 
nect three windings in series, without having any circu- 
lating currents in the system. 

Keeping these diagrams in mind we may ask, what is 
the effect of reversing one of the coil connections in such 
a three-phase system? This is shown in Fig. 15. If we 
reverse the connections to one coil, the direction of current 
through the coil will be reversed. Suppose the connections 
to the coil producing e.m.f. ¢ are reversed. This will 
reverse the direction of e.m.f. ¢ as shown by the line ce’. 
The three e.m.f.’s a, c’ and b now are 60 deg. apart instead 
of 120 deg. as before. The resultant voltage of three 
e.m.f.’s 60 deg. apart is not zero but is equal to D in Fig. 


15. (Resultant of c’ and a is x; resultant of x and b is 
D.) With this arrangement heavy circulating currents 


would be set up in the windings. 

Three-phase windings may be connected either in delta, 
Fig. 16, or in star or Y, Fig. 17. In the first case one 
end of one coil is connected to the end of another so as 
to form a closed series circuit. he external connections 
are taken from the points of connection as shown. 

In the star connection one end of each of the three 
coils is connected to a common point while the other three 
ends connect with the line wires. 

With the delta connection, if the em.f. per coil is 
represented by E, the e.m.f. between terminals will be E. 
With the star connection, however, if the e.m.f. per coil is 
EK, the e.m.f. between terminals is E\/3. The star con- 
nection therefore gives a higher voltage between terminals 
than does the delta connection. The current relations in 
the line wires are just the opposite of the e.m.f. relations. 


RECTIFICATION OF CYCLE 

In the previous part of this discussion it has been 
shown that the electromotive force induced in a coil or 
armature revolving at a uniform angular velocity in a 
constant magnetic field is alternating. This is true of any 
generator whether it be an alternating or a direct-current 
machine. We have also shown how by means of slip rings 
and brushes this alternating e.m.f. may be impressed upon 
an external circuit. 
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If it is desired to impress a direct e.m.f. upon the 
external circuit, that is an e.m.f. which acts only in one 
direction, although not necessarily of unvarying intensity, 
it is necessary to equip the machine with some sort of 
rectifying device which will mechanically reverse the con- 
nections between the external circuit and the armature 
circuit each time the e.m.f. reverses in the armature. This 
usually takes the form of a commutator. 

Figure 18 shows a single loop of wire revolving in a 
magnetic field in the same manner as that shown in Fig. 
1, except that the ends of the loop instead of being con- 
nected to the two collector rings are connected to opposite 
segments of a divided ring. 

In the position shown in Fig. 18, with brush A’ resting 
on segment A and with brush B’ resting on segment B, 
the direction of e.m.f. in the loop and in the external 
circuit is as indicated by the arrows. When the coil has 
turned through 180 deg., however, as shown in Fig. 19, it 
will be noted that the e.m.f. in the sides C and D of the 
loop has reversed its direction. But the commutator has 
also turned through half a revolution and brush A’ which 
formerly was in contact with segment A is now resting on 
segment B, and brush B’ instead of resting on segment B 
is now on segment A. Thus during the half revolution of 
the coil, the connections to the external circuit have been 
automatically reversed and the direction of e.m.f. in the 
external circuit is the same as before. 

So far only the case of a two-pole machine has been 
considered. The same principles, however, apply to a 
machine having more than two poles. A four-pole machine 
is shown diagrammatically in Fig. 20. In this case it will 
be noted there are four brushes, and instead of two con- 
nections to the commutator, there are four; in other words, 
there are as many brushes as there are poles. While this 
relation between the number of poles and brushes is gen- 
erally true, it is not always so. In the two-pole machine 
everything in the way of spacing of conductors and pitch 
of coils is referred to 180 deg. or one half the circum- 
ference. The opposite sides of the winding are separated a 
little more or a little less than 180 deg. The angular 
distance 180 deg. is the distance from the center of one 
pole face to the center of the other pole face. 

When an armature is wound for a multipolar field, the 
angular distance between adjoining north and south poles 
is substituted for the 180 deg. of the bipolar winding. 
Thus in the four-pole machine, the actual angular distance 
between opposite sides of a coil or circuit between brushes 
is 90 deg. 

PropuctTion OF Direct ELECTROMOTIVE FoRCE 

It has been shown that in a generator the e.m.f. be- 
tween brushes is the sum of the e.m.f.’s of all the coils that 
lie between the brushes. With only two commutator seg- 


ments the e.m.f. between brushes will vary along a sine 


wave except that, due to the rectifying action of the com- 
mutator, the negative half of the wave becomes positive. 
A two-pole machine with only two commutator segments 
produces, therefore, what is known as an undulating direct 
e.m.f. It acts in one direction but its intensity varies from 
zero to maximum, to zero twice during each revolution of 
the armature. If, however, instead of two commutator seg- 
ments, four are provided, using a ring armature with the 
connections to the winding being made at equidistant 
points, there will be four impulses or’ waves per revolution 
from the armature and line e.m.f. will not die down to 
zero as in the case of the one-coil machine. In other words 
the magnitude of the variation will be smaller. 
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In practice, machines are made with a large number of 
coils and commutator segments, and the e.m.f. becomes 
practically steady. In Fig. 21 is shown a diagram of the 
e.m.f. between brushes due to four pairs of coils, ring 
wound, or four coils drum wound on the armature. The 
e.m.f. due to each pair of coils is drawn separately in its 
proper phase relation, although it must be understood the 
terminal voltage of the machine is actually the resultant 
of these four waves. The resultant is shown above the com- 
ponent waves and, as will be noted, is fairly steady. The 
ripple is noticeable but the magnitude of the variation is 
comparatively small. It is obvious that, if with only four 
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FIas. 18 AND 19. SKETCHES SHOWING HOW THE COMMU- 
TATOR RECTIFIES THE INDUCED ALTERNATING 
CURRENT E.M.F. 

FIG. 20. A 4-POLE RING WOUND ARMATURE 
FIG. 21. A LARGE NUMBER OF COILS ON THE ARMATURE 
PRODUCES A STEADY E.M.F. 


pairs of coils an e.m.f. such as shown in Fig. 21 is obtained, 
a much steadier e.m.f. will be obtained by using a large 
number of coils. 

In the same manner that a number of cells or batteries 
may be connected in parallel to give more current, so a 
number of armature coils in different parts of the armature 
may be connected in parallel to give a higher current out- 
put. In the fourpole machine shown in Fig. 20, it will be 
seen there are two sets of brushes, two positives and two 
negatives. The two brushes of like polarity are at the same 
potential and are connected together. With this arrange- 
ment there are four paths in parallel across the terminals 
of the machine. This results in a current capacity four 
times as great as that for a single coil. 

It is clear from the foregoing that, with a given ma- 
chine having a fixed number of armature conductors, the 
current-carrying capacity of the armature is directly pro- 
portional to the number of paths through the armature and 
the voltage between the terminals of the machine is in- 
versely proportional to the number of paths through the 
armature. The possible power output of the machine 
remains the same whatever number of paths is used. 
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Direct Current Machinery 
Types, Construction 


and Operation 








MAGNETIC FIELD Is THE FounDATION Upon WHICH THE 
Action oF ALL Dynamo Exectric Macuinery Is BAsEp 


IELD windings, field poles and frame of a generator 

are primarily for the purpose of setting up a strong 
magnetic field, providing a path of low reluctance for the 
flux and varying the strength of the field so as to control 
the e.m.f. generated. For the most part, the dimensions 
of the parts and their arrangement are fixed by the design 
and only the current flowing is varied by means of a resist- 
ance in the field circuit called a rheostat. In some types 
of motors, the windings of the coils are separated into sec- 
tions and the ends brought out to a controller by means 
of which part of the winding can be cut out of service or 
may even be so connected as to oppose the balance of the 
coils thus giving a wide variation of field strength. Unless 
the design is carefully worked out, however, such range of 
variation of the field strength is likely to result in spark- 
ing under the weakest conditions. 


RESIDUAL MAGNETISM 

Almost any kind of soft iron or steel will remain in 
slightly magnetic condition after the magnetizing force is 
removed and this is the means by which a dynamo is 
brought up to voltage when starting. The armature, re- 
volving in this weak field will generate a small electromo- 
tive force which, in turn, will sent a weak current through 
the field windings and strengthen the magnetic field so 
that a larger e.m.f. will be generated and send more cur- 
rent to the field coils and so on until full voltage is 
reached. Occasionally, the residual magnetism as it is 
called will be reversed by current flowing from some out- 
side source or by breaking the field circuit while consider- 
able current is flowing in the coils. This will cause the 
voltage of the generator to be reversed from its former 
direction, which does no harm in case the machine is work- 
ing alone but is disastrous if it is to be run in parallel 
with other machines. In such a case, it is necessary to 
restore the residual magnetism to its original polarity by 
sending current through the field coils from some outside 
source in the direction needed to set up the original 
polarity. While doing this, the field coils should be dis- 
connected from the armature. 

Both because it tends to more economical design and 
because it gives greater stability of operation, it is better to 
have the iron or steel parts of the magnetic circuit in 


nearly saturated condition; i. e., running at high flux 


density. If the field cores are at low density, slight change 


in the field current will cause great change in field strength 
which will result in variable speed for a motor and un- 
steady voltage for a generator, accompanied by sparking at 
the brushes. At just what point saturation will occur 
depends on the material used for the cores of field and 
armature. The curves herewith give the variation for sev- 
eral materials, the saturation condition starting where the 
curve bends to the right to form a knee. The working 
condition should be well above this bend. 


HystTErEsis Causes ENERGY Loss 

When the magnetizing force is removed, the flux will 
not fall along the same line as it rises but will lag so that 
some magnetism will remain after all current stops in the 
field coils. This is the residual magnetism already referred 
to and is helpful in the case of dynamos. In transformers, 
however, where the magnetism is reversed by the reversal 
of the current, it results in the expenditure of energy to 
demagnetize the core and set up magnetism in the oppo- 
site direction. The curve of magnetism variation takes the 
form of a closed loop known as the hysteresis loop, the area 
inside this loop being an index of the energy used up in 
magnetizing and demagnetizing the core. The result is 
manifested as a heating of the iron of the core so that it 
is obviously desirable to have the material of the cores 
such as to give a narrow hysteresis loop and low loss to 
save energy and to avoid overheating. 


Types or FIELD WINDINGS 


Field coils may be connecfed in series with the arma- 


ture and outside circuit so as to carry all the current, or 
in shunt with the main circuit so as to take only a small 
part of the armature current, or part of the coils may be 
connected in one way and part in the other. Windings 
must, of course, be designed according to the current which 
they are to carry. The series-connected coils will have cur- 
rent varying according to the load on the dynamo hence, 
with widely varying load, their magnetomotive force will 
vary widely. Coils connected in shunt will have current 
varying only as the e.m.f. of the dynamo varies, hence their 
magnetomotive force will be practically constant. For this 
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FIG. 1. MAGNETIC CIRCUIT CONSISTS OF FRAME, POLES, 
AIR GAP AND ARMATURE CORE. STRENGTH OF FIELD 
CONTROLLED BY FIELD RHEOSTAT 


reason, the shunt winding is the one used for constant 
voltage machines. 

To cause the flow of electric current against resistance 
uses up electromotive force and the greater the current, the 
greater the loss of voltage over the resistance. It is desir- 
able to maintain a constant e.m.f., so far as possible, at 
the lamp and motor terminals of a distribution system but 
there is resistance in the armature of the dynamo and in 
the distributing mains so that, if delivery voltage is to 
remain constant, it is necessary to increase the generated 
voltage as load increases in order to compensate for the 
voltage drop in the armature and mains. This is accom- 
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plished by using the proper amount of series-connected 
coils on the field poles so that, as load current increases, 
the field will be strengthened and the generated voltage 
increased by the amount of the voltage drop. Obviously, 
it-is possible so to design the series coils that the drop 
will be under or over corrected, if desired. Also the same 
principle can be applied to the windings of constant speed 
motors to steady the speed under variable load, though 
this is not usually necessary. , 


ARMATURE REACTION 


Electromotive force is set up in the armature conduc- 
tors because of movement in the magnetic field. This sets 
up current in the armature coils and produces ampere- 
turns of magnetomotive force. It will be found by tracing 
through the action, according to the rules given for rela- 
tion of electric current and magnetic field, that this mag- 
netomotive force of the armature coils is partly opposed 
to that which sets up the main field, hence this is called 
the armature reaction. As a matter of fact, part of the 
coils oppose the main field and part of them set up a cross 
field at right angles to the main field, the result being to 
twist the field about in the direction of rotation of the 
armature and also turn forward the neutral line on which 
commutation would properly occur. Use of series coils will 
help to reduce the weakening effect of armature reaction 
but cannot overcome the cross field and twisting effect. 
This twisting is greater as the load current increases so 
that, unless it is neutralized, the proper position of the 
brushes to give sparkless commutation will change as the 
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load changes. Carbon brushes help to overcome the spark- 
ing but for heavy and variable loads it is desirable to use 
additional means of correction of the trouble. One method 
is to slot the leading pole tips, into which the flux tends 
to crowd, or otherwise to increase their reluctance and 
force more of the flux into the trailing tips; another is to 
put auxiliary field coils on the trailing tips so that they 
will strengthen the field at those points and to some extent 
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FIG. 5. FIELD WINDINGS ARE CONNECTED IN SHUNT, IN 
SERIES OR IN A COMBINATION OF THE TWO 
CALLED COMPOUND 
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FIG. 7. ARMATURE COILS SET UP A FIELD PARTLY OPPOSED 
AND PARTLY AT RIGHT ANGLES TO THE MAIN FIELD 
WHICH TWISTS THE NEUTRAL LINE AHEAD AND CUTS 
DOWN THE MAGNETIC DENSITY IN TRAILING POLE TIPS 


counteract the distortion. A third method is the use of 
commutating poles, placed between the main poles and 
carrying a series winding only, to set up a cross field in 
opposition to and neutralizing the armature cross field. 

At the time of reversal of the e.m.f. in the armature 
conductors, the current also reverses and the bars to which 
the coil is connected pass under the brushes. It so hap- 
pens that an electromagnetic circuit is a conservative de- 
vice and tends to try to keep itself in the condition then 
existing. When any cause tries to change it, the circuit 
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sets up such action as will resist the change. So when cur- 
rent in one direction tries to diminish or to stop, the cir- 
cuit sets up reaction to continue the current at the exist- 
ing amount and when a current is rising, the circuit sets 
up reaction to resist it. This, called self-induction, is the 
effect which is set up by the reversal of current at time 
of commutation. It would cause sparking of greater or 
less degree, if not counteracted, but it is easy to counteract 
by setting the brushes forward a little in the direction 
of rotation of the armature thus bringing the conductors 
into position to have generated in them a slight reverse 
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FIG. 8. ARMATURE REACTION IS NEUTRALIZED BY SLOTTED 
POLE TIPS, POLE TIP WINDINGS OR COMPENSATING 
INTERPOLES 


e.m.f. before their connected bars pass under the brushes. 
The use of carbon brushes also tends to reduce this self- 
induction sparking effect. 


Underground Cable Joints 


IN LATE YEARS the concentration of power generation 
and the necessity for tying in large power plants has called 
for the operation of underground cables at relatively high 
transmission voltages. Up to the present time, cable splices 
for these high-voltage cables have usually been made with 
hand-wrapped tapes and hard compound fillers, material 
of which has been generally satisfactory for pressures up 
to about 22,000 v. A great deal of trouble has ensued, 
however, when joints so constructed have been used. on 
cables operating at higher voltage. Joints for the super- 
high voltage power lines are still in the experimental stage. 
The hand-made joint involves’a certain amount of per- 
sonal element and problems are usually accepted as indi- 
vidual to each operating company. For operating voltages 
up to about 22 kv., almost any kind of joint is fairly satis- 
factory, provided the dimensions are reasonable and the 
degree of filling and grade of materials and workmanship 
are reasonably good. As the voltage increases, more atten- 
tion must be paid to fundamental principles. The design, 
dimensions, and dielectric stress field must be more scien- 
tifically proportioned, and the grade and types of material 
must be more carefully chosen. 


The defects of hard compound fillers for high-voltage 
work such as formation of voids and cracks due to shrink- 
age, are now generally recognized and there is a rapidly 
spreading tendency toward soft compounds. The lateral 
weakness along the surfaces of paper wrappings, a very 
important factor in cable joints, is also recognized and 
various methods are used to overcome this. 
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Field Construction for D. C. Generators 


LAMINATED AND Souip Potes ARE BottepD or Cast INTO FRAME. 


INTER- 


POLES AND COMPENSATING WINDINGS ADD TO PROBLEMS OF CONSTRUCTION 


IELD construction for direct-current machines is 

fairly well standardized although some variation in 
details will be found depending on the viewpoint of the 
designer, the price at which the machine is to be sold and 
the conditions under which the machine is to operate. The 
principal variations are found in the type of frame, pole 
pieces, arrangement for reducing effect of armature reac- 
tion, and in the winding and insulation of coils. 

Although solid steel poles may be used, laminated con- 
struction is practically standard since this type permits 
higher flux densities and also reduces eddy current losses 
which occur in the pole faces due to flux pulsations inci- 
dental to armatures with wide slots, particularly with small 
air gaps. Laminated poles are definitely uniform whereas 
cast poles may contain defects. The laminations in pole 


pieces need not be as thin as those of the armature stack- 
ing as the magnetism in the field poles does not reverse 
as does the armature flux. 

Laminated poles are generally built in rectangular or 
square cross section but the cast pole can be made any 





FIG. 1. A TYPICAL LAMINATED FIELD POLE FOR A DIRECT 
CURRENT GENERATOR 
FIG. 3. LAMINATED POLE PIECE OF A TYPE WHICH IS CAST 


INTO THE FRAME 


desired shape and is frequently circular in section. Figure 
1 shows a main pole piece of laminated construction. It 
will be noted that the pole face is wider than the pole. 
This enlarged section is sometimes called the pole shoe. 
In the days when cast poles were widely used the pole shoe 
was made as a separate casting and then bolted to the pole. 
In some cases the pole shoe is made up of separate punch- 
ings from those making up the core. Figure 2 shows such 
a construction. 

Usually the frame to which the poles are fastened is 
cast although laminated frames are by no means uncom- 
mon, particularly for large engine-type generators. The 
frame construction shown in Fig. 2 is laminated. 


PoLEs SOMETIMES Cast INTO FRAME 
Pole pieces are usually bolted to the yoke although they 
may be cast in, the cast-in construction being sometimes 
used for small generators. Figure 3 shows a laminated 
pole piece of a type which is cast-welded into the frame. 





In this construction the base, field frame with pole pieces, 
commutator end pedestal and the lower part of the pulley- 
end pedestal are all cast in one piece. 

One disadvantage of the cast-in construction is the 
uncertainty as to the joint between pole pieces and voke. 
In Fig. 3 it will be noted that the laminations are stamped 
in such a way as to increase the joint surface where the 
pole is cast into the frame. An advantage cited for bolted- 
in poles is, that through the use of drilling jigs, it is pos- 
sible to space the pole pieces with great accuracy. Where 
the poles are to be cast in, it is not possible for the molder 
to locate the pole pieces in the sand with similar precision. 
Another advantage for bolted-in poles lies in the ease with 
which individual poles and coils can be removed for repair 
without disturbing the armature. Bolted-in pole pieces 


FIELD CONSTRUCTION WITIL SLOTS FOR COMPENSAT- 
TOOTH TYPE OF INTERPOLE 


FIG. 2. 
ING WINDING AND WITIT A 


also have an advantage in flexibility, as they permit ad- 
justment of the air gap by means of shims. 

Since armature reaction causes a shifting of the neutral 
point from under the brushes and results in sparking on 
the commutator, additional poles between the main poles 
are frequently used. These interpoles, or commutating 
poles, as they are called, neutralize the magnetizing in- 
fluence of the armature doing away with the cross-field and 
also creating a field in this zone to cause sufficient voltage 
to be generated in the commuted coils to overcome the 
effects of self-induction and to assist in reversal of current 
flow. Both of these functions demand that the interpole 
strength vary in direct proportion to the load current, 
which condition can be approximated by connecting the 
interpole winding in series with the armature. Even with 
this arrangement, the interpole strength is not always cor- 
rect due to the effects of interpole saturation and magnetic 
leakage between the interpoles and main poles. Commuta- 
tion is, however, greatly improved. 

Interpoles are generally of solid steel, but laminated 
construction is sometimes preferable especially in the case 

















of fluctuating loads. Figure 4 shows a generator with 
shunt and series field coils and interpole windings. 

Since the influence of the interpole is restricted to a 
narrow zone under its pole tip and since it does not 
counteract or correct field distortion, another winding is 
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ASSEMBLY OF SHUNT, SERIES AND INTERPOLE FIELD 
COILS 


sometimes added to the field. This is called a compensat- 
ing winding and consists of conductors placed in slots in 
the pole face. This winding is in series with the armature 


and with the interpoles if these are used. Windings of this 
type tend to prevent flashing by giving a more uniform 























WINDING ASSEMBLY FOR FIELD CONSTRUCTION 
SHOWN IN FIG. 2 


FIG. 5. 


field distribution and by decreasing the maximum voltage 
between adjacent commutator bars. 

When compensating windings and interpoles are both 
used, the strength of the latter is decreased, as the function 
of the interpoles is partially served by the compensating 
windings. This has a direct influence on the ability of the 
generator to commutate overloads as it decreases greatly 
the interpole leakage flux and interpole saturation. 
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In the field pole construction shown in Fig. 2 both 
interpoles and slots in the main poles for compensating 
windings are provided. The interpoles in this case are 
laminated and are supported from the pole pieces by brass 
keys driven into slots in the sides of the commutating poles 
and the adjacent pole pieces. The pole pieces are pro- 
vided with three slots through which are wound the com- 
pensating coils. Figure 5 shows the completed field. 

In this case the compensating coils correspond to the 
series coils of the ordinary compound-wound generator. 
These coils lie parallel to the armature bars, but they are 
so wound that the current in them flows in the opposite 
direction to that in the armature bars. The central por- 
tion of each compensating coil is wound around the com- 
mutating pole and sets up a secondary field between the 
two pole faces. In this particular case, therefore, the com- 
pensating coils actually become the winding of the inter- 
pole. 

Figure 6 gives an idea of how an interpole winding is 
used separately or how it may be combined with the com- 
pensating winding. 











COMPENSATED MACHINE 


WHEN A COMPENSATING WINDING IS USED IT IS 
USUALLY IN SERIES WITH THE INTERPOLE WINDING 


COMMUTATING POLE. MACHINE 











Another method of reducing field distortion is to slot 
the pole face as shown in Fig. 3. The slot is parallel to 
the shaft of the machine. 


MovaBLeE FIELD CorEs ror CHANGING RELUCTANCE 


It is possible to vary the voltage of generators by chang- 
ing the reluctance of the magnetic path of the field. Sev- 
eral methods of doing this have been used but the only 
one that has survived is the use of movable field cores. 
The main poles are hollow and are provided with iron or 
steel plungers which are moved by worm gears and pinions - 
operated by a hand wheel at the top of the machine. These 
machines will still be found in operation particularly in 
laboratories although it is practically an obsolete type. 
When used as a motor, speed variation is obtained by mov- 
ing the plungers. 

Now that some idea has been gained as to the arrange- 
ment of the supporting structure for the field coils the 
next important points to be considered are those relating 
to the construction of these coils. Offhand it would seem 
that this construction of fields would be a comparatively 
simple matter, but when some of the characteristics of the 
service are considered it will be seen that many precau- 
tions must be taken. The coils, for instance, are subjected 
to mechanical shock and vibration, also to expansion and 
contraction due to heating. They must, therefore, be 
tightly wound and securely fixed against all movement. 

In addition to these mechanical conditions, the elec- 
trical stresses may also be severe. Field coils are subjected 
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not only to the normal impressed voltage but to the high 
induced voltage which occurs, if the field circuit be opened 
suddenly. They must, therefore, be well insulated between 
terminals and between layers as well as from the pole 
pieces and frame. Shunt coils may be in circuit quite con- 
tinuously so that heat dissipation requires attention. 


DETAILS OF SHUNT CoIL CoNSTRUCTION 

Shunt coils for small generators are usually wound with 
cotton or enamel insulated wire which is placed under 
tension. For larger machines rectangular wire gives a 
better space factor and more rigid construction. In some 
forms of construction the layers are insulated from each 
other by treated paper strips and the end turns are re- 
tained by strips of tape or paper. 

After the coils are wound they are usually immersed 
in insulating varnish and then baked. After this treatment 
they are taped with cotton tape, half lapped, and the 
corners are re-enforced with oiled muslin tape. After 
taping, the coils receive a second treatment of insulating 
varnish and another taping. 

Field coils are usually assembled on press board spools 
with hard fibre end-washers about 1 in. thick. The coil 
ends are anchored within the coils and are attached to 
flexible leads brought out for connections. Another con- 
struction provides terminals attached to the anchored coil 
ends, jumpers being used to connect from coil to coil. 


SERIES WINDINGS OF STRAP COPPER 


As the copper for series and interpole windings must 
be much heavier than for the shunt field the type of con- 
struction used differs materially from that of the shunt 
field. In small machines the winding for these coils is 


STRAP WINDINGS ARE USED TO AFFORD BETTER VEN- 
TILATION. SHUNT AND SERIES WINDINGS AT 
LEFT, INTERPOLE WINDING AT RIGHT 


usually square wire or flat strap and aside from the heavier 
copper required the construction is about the same as for 
the shunt fields. 

For large machines the series and interpole fields are 
commonly constructed of strap copper wound on edge, in- 
sulated only by strips of paper or asbestos between turns 
and clamped in a press board spool. This is a solid and 
compact construction and provides ample space for heat 
dissipation. Figure 7 shows a main coil construction in 
which the series coil is wound with strap copper on edge 
and with space between the turns. Spacing blocks separate 
the shunt and series coils. 

In some machines the interpole winding is concentrated 
in a short coil near the pole tip, instead of being dis- 
tributed evenly along the entire pole face. This is done 
in order to minimize leakage. In some of the smaller com- 
pound-wound generators both the series and shunt wind- 
ings are made up in a single coil. This practice has the 
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disadvantage that it introduces greater possibilities for 
electrical breakdown and renders repairs more difficult. 

If the student of electrical machines wishes to con- 
tinue his studies along design lines he will soon be con- 
fronted with a mass of empirical formulas which are used 
to determine the dimensions of the magnetic circuit and 
the details of the fields. 


Heat DIssIPATION Is IMPORTANT 


Heat dissipation is one of the important points in 
connection with the design of field coils. For impregnated 
coils without any insulating material on the external sur- 
face, other than that on the wire itself, the watts that can 
be radiated per square inch of the external surface, for a 
temperature rise of 40 deg. C. on that surface, varies 
from 0.5 to 1.0 depending on the length of the coil and 
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FIG. 8. TERMINAL MARKINGS FOR TWO WIRE GENERATORS 
AS STANDARDIZED BY THE ELECTRIC POWER CLUB 


also on the peripheral velocity of the armature. Ventila- 
tion openings increase the radiation about 50 per cent. 

Although it may seem that the complications involved 
in the use of shunt, series, interpole and compensating 
fields would introduce many types of field connection 
schemes this is not the case. Since the interpoles and com- 
pensating windings are in series with the armature the 
scheme of connecting comes down in reality to series, shunt, 
or compound. 

It is standard practice to bring out the field connec- 
tions to the terminal board of the machine so it is well to 
know the standard symbols for the different winding ends 
and how these should be connected. Figure 8 shows the 
arrangements used in accordance with the standards of the 
Electric Power Club. The terminals of new machines are 
marked in this way and the connections should be made as 
indicated in the various diagrams. 
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Functions and Windings of D. C. Armatures— 


DESCRIPTION OF THE ESSENTIAL Parts WHicH Go to MAKE UP AN 


HETHER a direct-current electrical machine is a 
motor or a generator, the part which rotates is always 
the armature and is therefore that part in which the elec- 
tromotive force is induced. In the case of a generator the 
current flows under the influence or in the direction of the 
induced electromotive force while in a motor the current 
flows against the induced electromotive force, the actuating 
force in this latter case being from some outside source. 





FIG. 1. ARMATURE CORE AND COMMUTATOR ASSEMBLED ON 
SLEEVE AND SHAFT 


Essential parts of an armature are a core, winding and 
a commutator. The core is built up of laminated iron 
stampings which may be keyed either directly to the shaft, 
as in the case of small motors, or to a cast-iron or steel 
spider, as is the case in the larger machines. In small 
motors the laminations are punched in a complete ring and 
securely keyed to prevent any turning movement. The 
assembled core is also clamped between a core head which 
is a part of the spider and an annular casting at the other 
end. ‘The core head also furnishes support for the coils. 

Several factors govern the design of armature teeth or 
slots. Among these are the necessity for ease of winding 
and commutation. ‘The open slot with parallel sides is 
commonly used on large armatures for the reason that 
formed coils can easily be slipped into place. These coiis 
are then prevented from flying out by bands of wire or by 
wood or fibre wedges which are driven into the grooves at 
the tips of the teeth. 

‘l'o avoid undue losses, the armature core must provide 
a path of low reluctance for the magnetic flux. In addi- 
tion to this function, the armature must also furnish a 
rigid support for the coils and a means for rotating them 
within the magnetic field which is set up by the field coils. 
Rotation of the armature causes the magnetic lines to be 
cut by the core. This has the same electrical effect upon 
the iron of the armature core as upon the inductors which 
are wound on its surface, that is an electromotive force is 
induced in the core. If the core were solid, this induced 
electromotive force would cause currents to flow parallel 
to the shaft. The intensity of these currents can be deter- 
mined in accordance with Ohm’s law. 

These ‘currents, which are known as eddy currents, if 
permitted to flow, would heat the armature, causing the 
insulation to deteriorate and also a waste of energy. This 
heating and loss of energy can be reduced to a minimum 
by making the resistance high in the path of the eddy 
currents, which is done by building up the core of thin 
laminations of iron which are insulated from each other 
by a coat of insulating varnish or merely by the layer of 
oxide which forms on the laminations. The planes of the 
laminations are at right angles to the shaft and are there- 
fore at right angles to the direction of flow of the eddy 
currents. 


ARMATURE. , TYPES OF WINDINGS AND D1AGrRAMS ARE ALSO EXPLAINED 





Another loss occurs in the armature core which can be 
reduced to a minimum only by the use of steel with high 
permeability. Whenever any part of the core passes from 
beneath a magnetic field pole of one polarity to beneath 
another one of opposite polarity, the magnetic condition 
of that part of the core is reversed. The continual reversal 
of the core magnetism results in what is known as hyste- 
resis loss, which manifests itself as heating in the arma- 
ture. 
ARMATURE INSULATION Must Br SUITED 10 THE SERVICE 
Typical insulation used on direct-current machines 
operating at voltages below 500 and with normal tempera- 
ture rise not to exceed 35 to 40 deg. C. followed by a 2-hr. 
overload with a temperature rise not to exceed 55 deg. C., 
is as follows: cotton tape butted and varnished around 
each conductor; vértical separator of paper, 5 to 10 mils 
thick; 214 wraps of varnished cloth, lap on side, around 
each group of conductors ; cotton tape butted and varnished 
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FIG. 2. COMPLETED ARMATURE AND COMMUTATOR READY 
TO BE ASSEMBLED IN MOTOR FRAME 





around each group of conductors; horn fibre at sides and 
bottom of slots. The foregoing method of insulating is 
applicable to armature conductors in slots and without 
wedges. 

Insulation for armature conductors outside of the slot 
may be as follows; cotton tape butted and varnished 
around each conductor, cotton tape half-lapped and var- 
nished around each group of conductors. Armature con- 
ductors which are made up of two or more laminations in 
multiple should have the individual laminations thoroughly 
varnished before assembling. The insulation of equalizer 
rings should be equal to that of the armature windings to 
which they are attached. The insulation between upper 
and lower layers of end windings should be made up of 
fibre, where the voltage does not exceed 500. 

As previously explained in this issue, a current carry- 
ing conductor placed in a magnetic field, exerts a mechan- 
ical force. In the direct-current motor the field poles 
furnish the magnetic field and the conductors on the arma- 
ture furnish the path through which the current flows. 
The reaction of the current in the armature conductors 
upon the magnetic field results in a turning effort which 
rotates the drum. 

In a symmetrical winding, a certain number of coils are 
always at the same potential. These coils can be joined 
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together, if desired. If no dissymmetry whatever were 
present, there would be little object in making such con- 
nections; actually, however, there are many cases of dis- 
symmetry in a machine, apart from those due to the 
arrangement of the windings. 

Owing to these dissymmetries, the pressure induced in 
the several armature circuits varies and causes equalizing 
currents to flow through the brushes. This variation in 
pressure can be equalized by permanently connecting all 
coils of the same potential to copper equalizing rings, which 
may be placed on either side of the core. When equaliz- 
ing rings are used, large equalizing currents will flow 
along them and strongly damp out any equalities in the 
field. Such currents further reduce the difference of poten- 
tial between corresponding points in the winding and so 
relieve the brushes that they are much better able to per- 
form their function of collecting current. 


Number or Commutator Bars Depenps Uron VOLTAGE 
BETWEEN Bars 

At the commutator end of the armature, coil connec- 
tions are brought out and soldered to the commutator seg- 
ments, thus these segments become junction points for the 
current. The proper number of commutator bars depends 
upon the voltage between commutator bars and the number 
of bars may be a multiple of the number of armature 
slots. For low voltage machines there may be one, two or 
three bars per slot while in higher voltage slow-speed ma- 
chines there may be as many as four or five bars per slot. 

Distance from the beginning of one winding element or 
coil side to the beginning of the next is called the total 
winding pitch, which is measured in the number of slots 


or by the number of elements or coil sides spanned by a 


single coil. lt may also be measured by the number of 
commutator bars between the connections to the commu- 
tator of the two sides of a coil. This latter measurement 
is known as the commutator pitch. 

Front pitch is the distance between the two coil sides 
connected to the same commutator bar and measured in 
coil sides at the commutator or front end of the armature. 
The distance between the two sides of a coil, measured in 
coil sides, at the back end of the armature is termed the 
back pitch. A full pitch coil is one which exactly spans 
the distance between the centers of adjacent field coils. 
Any coil which has less than full pitch is said to have a 
fractional pitch and is often referred to as a short-chord 
winding. Fractional windings are in general use because 
they require less copper and the armature reaction is re- 
duced because the currents in the neutral zone flow in 
opposite directions and therefore neutralize each other. 


Bacu ARMATURE CoNDUCTOR PRODUCES AN ALTERNATING 
CURRENT 


Electromotive force and current produced in each arma- 
ture conductor is alternating in character. The function 
of the commutator is to deliver from the armature wind- 
ing a uni-directional electromotive force and current. That 
is, one terminal must always be of positive polarity and 
the other of negative polarity. This is accomplished by 
the commutator and its brushes by being connected in 
series between the generator leads and the armature wind- 
ings. This gives the effect of reversing the connections of 
the armature coils, with respect to the dynamo leads, every 
time the electromotive force and current reverse upon mov- 


ENGINEERING 15 


ing away from the influence of one pole into the field of 
the adjacent pole, which is of opposite polarity. 

Commutators are built up of forged or rolled copper 
segments, slightly thinner at one edge than at the other. 
The segments are formed into a hollow cylinder with an 
accurately gaged mica plate separating adjacent segments. 
A steel hub is provided on’ which are turned conical lips 
which fit into conical grooves in the copper bars. The 
ends of the hub are drawn together by through bolts and 
the hub is keyed to the armature shaft. A thin conical 
washer of moulded mica separates the hub from the cop- 
per bars, thus each copper bar is insulated not only from 
the motor frame but also from adjacent bars. 

Armature windings consist of the wire wound on the 
armature core and are therefore that part of the armature 


METHOD OF TAPING ARMATURE COIL WITH OILED 
MUSLIN 


FIG. 3. 


in which the electromotive force is induced. These wind- 
ings may be classified as to the position which they occupy 
on the armature and their connections to the commutator ; 
the cross sectional form of the wire from which they are 
made; and the arrangement of the wire on the surface of 
the core. 

Three types of windings have been used in the first 
classification, they are; (1) Ring-armature winding, (2) 
disk-armature winding and (3) drum-armature winding. 
The first two types are not now in commercial use, hence 
are explained only as to their meaning. The ring arma- 
ture winding consists of a continuous spiral of wire wound 
around the ring core, taps being taken off to connect with 
the commutator segments. This winding offers a large 
number of conductors in series capable of generating a 
large electromotive force but has a great amount of idle 
wire. The disk winding is similar to the ring winding 
insofar as construction is concerned. The core of the disk 
armature is a flat ring and the winding consists of several 
coils wound around the core and uniformly spaced. 

Coils in the drum winding are spaced around a core of 
magnetic material so that all the conductors which are 
parallel to the shaft are on the surface of the core and 
therefore are active in producing e.m.f. Those conductors 
which pass across the front or back of the core and which 
connect the active conductors cut no magnetic flux hence 
no e.m.f. is induced in that part of the winding. In prac- 
tically all cases these connections are short, so that a 
greater percent of the copper is active than is the case with 
the ring winding. The drum-wound armature core is in- 










variably slotted and the slots are uniformly spaced around 
the outside of the core, so that the winding is uniformly 
spaced in these slots. 

Second in order is the classification as to wire or bar 
wound. This is relatively unimportant except in that it 
classifies motors as to size. ‘Small motor armatures are 
usually wound with round wire whereas, for the larger 
sizes, the armature coils are usually formed of copper 
bars. The use of wire or bars is determined by the cross- 
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DIAGRAM OF A WAVE WINDING FOR AN ARMATURE 





sectional area of copper necessary to carry the current 
without undue heating. 


Wrinpincs Arr ARRANGED ON ARMATURE SURFACE IN Two 
Ways 

Two methods are used for the arrangement of the wire 
on the surface of the armature core; these are designated 
as lap and wave winding. The term lap winding is used 
because of the lapping back of the coils or winding ele- 
ments as they are placed on the armature core. It would 
probably be better to refer to this winding as a multiple 
or parallel winding because it consists of as many circuits 
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FIG. 5. DIAGRAM OF THE LAP WINDING WHICH IS USED ON 
ARMATURES 


as there are field poles and the circuits are connected in 
parallel between the brushes. It is evident, therefore, that 
the number of brushes required is equal to the number of 
armature sections that are in parallel and so equals the 
number of poles. 

When assembling a lap winding, the following rules 
must be observed. Front and back pitches must be odd 
numbers and differ by two or by some multiple of two. 
The total number of brushes on the commutator must 
equal the number of poles. The number of armature slots 
may be either odd or even. Front and back pitches are of 
opposite sign because they are laid off in opposite direc- 
tions on the armature. The total number of armature 
conductors must be a multiple of the number of slots in 
the armature. The algebraic sum of the front and back 
pitches is equal to the winding pitch. If equalizing rings 
are needed with a lap winding, it is advisable to use one 
ring for every 6 or 12 commutator bars. 
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Wave winding derives its name from the wave like path 
that the winding takes through the armature core slots. 
Since half of the armature coils are connected in series 
and the two halves are connected in parallel, this type of 
winding may be also described as a series or two-circuit 
winding. Although but two sets of brushes are required 
for a machine of any number of poles, improved commuta- 
tion may be had by having the number of brushes equal 
to the number of poles. 

Wave winding requires observance of the following con- 
ditions. The front and back pitches must both be odd. 
These pitches may be equal or they may differ.by two or 
some multiple of two. The winding pitch is equal to the 
sum of the front dnd back pitch because they are laid off 
in the same direction. The end of one coil is joined to a 
commutator bar and to the start of another coil which lies 
under the next pair of poles. 











































SCHEME OF CONNECTIONS OF A LAP WOUND 
ARMATURE 
SCHEME OF CONNECTIONS OF A WAVE WOUND 
ARMATURE 


Fig. 6. 













FIG. 7. 







Cases arise where it is necessary for the armature to 
carry an extremely heavy current. This is provided for by 
using more than one winding with an equal number of 
commutator bars for each. Both lap and wave windings 
may be made up in this way so that there will be one, two 
or three entirely separate windings on the one armature. 
These are called multiplex windings. If a double lap 
winding is to be used, two similar windings insulated 
from each other are placed in the armature slots. The 
even numbered commutator bars connect to one winding 
and the odd numbered bars are connected to the other 
winding. 

In the multiplex wave or series-parallel winding, the 
number of armature circuits may be greater than two and 
still smaller than the number of field poles. This type of 
winding is particularly suitable for large multipolar arma- 
tures on which the winding elements are made up of 
copper bars. 

' It is general practice to have not less than 10 slots per 
pole and, for high-speed machines with a high pitch, there 
may be from 14 to 18 slots per pole. It is generally con- 
sidered that 15 v. is the maximum that should be used 
between commutator segments for machines which are not 
provided with commutating poles but double this value 
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may be used, if the machine is provided with inter- or com- 
mutating poles. The voltage between commutator bars 
determines the number of bars which should be used for a 
given winding.. The number of bars may be a multiple of 
the number of slots. Improved commutation usually re- 


sults from a large number of commutator bars. 


EXPLANATION OF WINDING DIAGRAM 


All armature winding connections can be shown dia- 
grammatically as in Figs. 6 and 7. Figure 6 shows a lap 
winding in which there are 18 active conductors and 9 
commutator bars. As each winding element consists of two 
conductors, there are as many winding segments as there 
are commutator bars. Starting at commutator segment 1, 
it will be noticed that winding element 1 is connected to 
it and that in following element 1 around it is connected 
to segment 2. This also connects with conductors 2 and 
8, the latter indicated as connected to segment 3, thus 


ENGINEERING " 


illustrating the lapping of the various elements one over 
the other. 

It is interesting to note further that conductor 1 is con- 
nected to conductor 6; 3 is connected to 8, and so on thus 
indicating that as 6 minus 1 equals 5 and as 8 minus 3 
equals 5, that the back pitch is equal to 5. In like manner 
conductor 1 is connected to segment 1 as is conductor 4. 
Conductors 5 and 8 are connected to segment 3, thus the 
front pitch will be 3 since 4 minus 1 equals 3, or 8 minus 
5 equals 3. The commutator pitch in this diagram is one. 

In the figure referred to, the leads of each winding ele- 
ment connect with adjacent commutator segments, there- 
fore the winding is called a simple lap winding. If these 
leads were connected not to adjacent segments but to every 
other segment the winding would be a multiplex or duplex 
winding. The diagram in Fig. 7 shows a wave wound 
armature and may be read as in the foregoing for the lap- 
wound armature. 


Details of Armature Construction 


Cores, Corts, COMMUTATORS AND BrusH Hotpers SHOuLD Br DesIGNED 
FOR EFFICIENCY AND CONVENIENCE IN OPERATION AND MANUFACTURE 


N BUILDING up armature cores for direct-current gen- 
erators, first consideration must be given to the part 
that directs the magnetic field. This is made up of soft 
steel stampings ranging in thickness from 0.014 to 0.06 in. 
The laminations are usually insulated with some kind of 


core plate varnish though in small units the oxidation . 


on the surface is considered sufficient insulation. 

For small armatures the core is made up of disks 
mounted directly on the shaft to which they are keyed to 
prevent turning. The stampings are pressed tightly to- 
gether, usually by hydraulic pressure, and held in place 
between cast-iron end plates by a nut on the shaft. Larger 
armatures are sometimes made with holes stamped in the 
space surrounding the shaft to give an air passage through 
the iron for carrying off the heat due to losses in the arma- 
ture. This arrangement gives sufficient cross section for 
the magnetic lines of force and with a generator of four 
or more poles the path is not lengthened but it does. re- 
quire considerable expensive material to form the connec- 
tion between the active magnetic field and the shaft in 
large machines. 

Armatures for large generators and motors have the 
magnetic core attached to the shaft through a cast-iron 
spider which not only permits free air circulation to the 
inner side of the core but reduces the amount of magnetic 
steel required and has the distinct advantage that the 
armature with commutator can be made up on the spider 
separate from the shaft upon which it is pressed when the 
unit is assembled. The core then takes the form of a 
laminated rim around the spider. When not too large, 
the punchings make the complete circle but, in the larger 
sizes, the separate punchings extend over only an arc of the 
circumference and are dovetailed to the spider with the 
joints staggered so as to form a continuous magnetic cir- 
cuit around the armature. 

When laying the laminations together, spacers are 
placed at regular intervals to provide air passages through 
the core for carrying off the heat generated by the arma- 
ture losses. These spacers are usually stampings made 
with radial ridges on the side which keep adjacent lamina- 


tions from coming into close contact. When spiders are 
used, the laminations are held together by means of an 
end flange which may be held in place by keys, bolts or 
rivets according to the ideas of the designers. At each 
end of the armature is some form of support, usually 










































































FIG. 1. FORMS OF ARMATURE CORES 
pressed steel fingers, which prevents the laminations from 
spreading out at the ends of the projections. 

Although small armatures have been built with a 
smooth surface upon which the coils were placed, a type 
which was known as smooth core, in present practice all 
armatures are toothed or slotted at the surface to receive 
the coils. Several shapes of slots are used as illustrated 
in Fig. 4. When the smooth slot is used, the coils are 
held in place by bands of steel wire wound around the 
armature. Other forms have notches or grooves on the 
sides of the slots into which wedges are driven to hold the 
coils tightly in place. Some windings, such as the loosely 
wound thread-in type coil or the bar types of coil, permit 
the use of a slot that is partly closed at the top. In all 
cases the wedges are made of fiber and driven into place 
by means of a drift and maul. When they are wider than 
the coil, as would be the case in Fig. 4c, they are made 
just long enough to extend between the spacers in the 















FIG. 2. COMPLETE ARMATURE FOR A 3-WIRE GENERATOR 
READY TO MOUNT ON SITAFT; NOTE LOCATION OF SPACERS, 
ARMATURE BANDS AND RADIAL COMMUTATOR LEADS 





armature; if longer, they would obstruct the free circula- 
tion of air through the ventilating ducts. 


DeTAILs oF ARMATURE CoILs 
To give a clear idea of armature coil winding it is 
necessary to define a few terms in general use. That part 
of the coil which is imbedded in the armature slot is called 
the inductor. Ina coil of one turn there are two inductors, 
thus each turn represents two inductors. Those portions of 


the coil which connect the ends of the inductors are called 


the end connectors. ‘The ends of the coils are connected 
to the commutator bars by commutator leads and the 
entire coil between two commutator bars is called the 
winding element. 

In the early designs of generators, the ring armature 
was used extensively. ‘These armatures. had a continuous 
winding with taps at regular intervals leading to the com- 
mutator bars. The inductor passed across the outside face 
of the armature and was carried back on the inner side of 
the core to pass again across the face of the armature, this 
process being continued around the entire circumference 
of the armature. This method had the advantage of sim- 
plicity of design but each turn gave only one active in- 
ductor and the winding had to be done by hand as it was 
necessary to draw the wire through the armature at every 
turn. This work was not so difficult with small wire which 
could be wound on a spool but with heavier wire this 
design became impracticable and the drum armature which 
employs form-wound coils has replaced it entirely in mod- 
ern generators. 

Many types of form-wound coils are in use, each of 
which has been devised for a particular purpose; several of 


FIG. 3. END FLANGE AND END FINGERS ARE WELL ILLUS- 
TRATED IN THIS VIEW OF AN UNWOUND ARMATURE 
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FIG. 4. ARMATURE SLOTS MAY BE OPEN OR PARTLY CLOSED 
AT THE TOP DEPENDING UPON THE TYPE OF COIL USED 
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FIG. 5. TWO GENERAL TYPES OF ARMATURE COILS ARE IN 

USE FOR DIRECT CURRENT ARMATURES: (1) FORM-WOUND 

DIAMOND COILS; A, STRAP; B, MOLDED, AND CO, THREAD-IN 

TYPES. (2) INVOLUTE COILS, FULLY WOUND AND E, BAR 
TYPES WITH INVOLUTE CONNECTORS 


these are shown in Fig. 5. The two most commonly used 
coils are the diamond and the involute. Diamond form- 
wound strap and molded coils are suitable for open-slot 
armatures only and have the advantages that they can be 
wound by machinery, completely insulated, all coils on the 
armature are alike and repairs are easily made. They may 
also be wound with wire but loosely formed to permit feed- 
ing into partly closed slots lined with an insulating paper 
cell. The wire-wound coils are suitable where the current 
carried is low. 

Involute coils may also be made of standard size and 
shape. They require but little space for end connections 
but, because of the large number of bends, they are diffi- 
cult to insulate and assemble. The fully wound type can 
be used in open slots only but the bar type with involute 
connectors may be shoved through partly closed slots and 
are easy to insulate and assemble which also facilitates 


repairs. 
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BANDS ARE SOMETIMES USED TO ILOLD 
COILS IN SLOTS 


FIG. 7 ARMATURE 


Extreme care must be taken in winding armatures to 
prevent electrical contact between adjacent wires in the 
coil and between the coil and the armature core. Al- 
though the details of manufacture differ somewhat, it is 
quite general practice, in winding coils, to use wire in- 
sulated with double cotton covering which is usually suffi- 
cient insulation between turns. When the coil is to be 
molded into a form, the wires of the coil are bound to- 
gether, baked in a vacuum and impregnated with varnish. 
The part of the coil which is in the slot is taped with 
mica or empire cloth and cotton tape. Insulating paper 
is put in the slot to prevent the insulation on the coil from 
being injured. Figure 6 shows the armature slot insula- 
tion for 240 and 550-v. armatures. 

Coils must be held rigidly in the slots to prevent vibra- 
tion or movement in any direction which is likely to wear 
the insulating material. ‘If the slot has the proper dimen- 
sions for the coil, the fit will be close, requiring a reason- 
able amount of pressure to insert the coil but sometimes it 
becomes necessary to insert fiber liners along the sides or 
bottom of the slot to secure a proper fit. With all open 
slots, fiber wedges are driven in the slot over the coil to 
prevent it from flying out due to centrifugal force. With 
partly closed slots, however, this is only necessary when the 
coil is of a type that has been threaded through the open- 
ing, the shoved through type requiring no wedges. 

That part of the coil which extends beyond the arma- 
ture core must be supported against centrifugal force and 
for this purpose band wires are commonly used. This band 
consists of several turns of steel wire wound tightly around 


FIG. 9. BRUSH HOLDERS DESIGNED TO 
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the coil ends and soldered. When it is advisable to use 
these bands, the under sides of the coil ends rest against 
a coil support cast to the spider. 

Commutator connections may be made of insulated wire 
or bare strap copper, wire being used on small armatures 
where the space is limited and bare copper on large arma- 
tures, cross connections between coils being made by the 
end connections and one commutator lead run to each com- 
mutator bar. These leads run radially with sufficient air 
space between them to permit the circulation of air to the 
inside of the armature. 


CoMMUTATOR DETAILS 


Although several different materials have been tried 
out for commutator bars, hard drawn copper has proved to 
be the most satisfactory and is universally used. The bars 
must be of sufficient cross section and present sufficient sur- 
face to the brushes to carry the current without undue 
heating. Carbon brushes can usually carry 35 w. per sq. 
in. of contact, that is, 35 amp. with 1 v. drop at the con- 
tact. Designers usually provide sufficient depth also to 
permit turning down several times without causing over- 
heating. These bars are somewhat like barrel staves, the 


HOLD BRUSH AT PROPER ANGLE, MAINTAIN BRUSH TENSION AND GIVE LOW 


ELECTRICAL RESISTANCE BETWEEN BRUSH AND MAIN LEADS 








radial dimension being much greater than that in the 
direction of the circumference. They are held in position 
by cast-iron rings fitting into flanges formed on the inner 
side of the commutator bar. Each bar is insulated from 
its neighbors and also from the clamping rings and shaft 
by layers of mica. 

In small armatures, the commutator is assembled as a 
unit and keyed to the shaft. When a spider is used, how- 


ever, the commutator is usually attached to the spider, - 





10. BRUSH RIGGING MAY BE SUPPORTED BY EITHER 
THE BEARING HOUSING OR -THE FIELD FRAME 


FIG. 


thus making the armature and commutator a unit to be 
keyed to the shaft. 
Brush HOLDERS 

Carbon brushes are used almost universally for making 
contact between the line and the commutator. These are 
held in position by brush holders which keep the angle 
of contact between the brush and the commutator constant, 
regardless of the wear of the brush. They maintain a con- 
stant pressure of the brush on the commutator and supply 
a low resistance contact between the brush and the brush 
holder arm which carries the current to the main leads. 
Some of the many designs of brush holders are illustrated 
in Fig. 9. 
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Brushes are molded in the form of rectangular blocks, 
the number used on a generator or motor depending upon 
the number of field poles and current capacity of the 
machine. When the current is greater than can be car- 
ried by one brush at each brush position, two or more are 
used, arranged as a group on one brush holder arm. As 
many groups of brushes are used as there are pole pieces 
in the field. 

Brush holders are mounted on pins or arms which per- 
mit of considerable adjustment both as to the angle of 
contact with the commutator and their position laterally 
on the commutator. These arms are attached to a brush 
holder ring upon which they are equally spaced. By rotat- 
ing the ring, which is supported either by the bearing 
frame or by the field frame, the position of all the brushes 
can be shifted simultaneously to secure proper commuta- 
tion. 

To maintain proper brush contact, some form of spring, 
either spiral or flat, is used which is provided with means 
for adjusting its tension to suit the size of the brush as it 
becomes worn. The contact area needed varies with the 
current carried, current density, under average conditions, 
being as previously stated, about 35 amp. per sq. in. of 
contact, when there is 1 v. drop between the commutator 
and the brush. The width of the brush must equal at 
least that of two commutator bars, which permits the short 
circuiting of the coil under commutation and at the same 
time gives sufficient contact area to carry the current going 
to the line. 

In order to maintain proper contact with the commu- 
tator, the brushes fit loosely in the holders and depend 
upon springs to give and take with irregularities of the 
commutator. The electrical contact between the brush 
and the holder is therefore not as positive as desirable so, 
with the box type of holder, a pig tail, as it is called, 
stranded of fine copper wire is attached to the brush and 
the holder giving a positive, though flexible, electrical con- 
nection between the two. All positive brushes are con- 
nected in parallel to one copper brush ring and the nega- 
tive brushes to another ring to which the main leads of 
the unit are connected. 


Control of -E. m. f. 


VARYING FIELD STRENGTH CONTROLS ELECTRO- 
MOTIVE Force. VoLitTaceE Must BE VARIED TO 
Suir Conpit1ions Bur Must Be HeEtp StTEApy 
AT THE VALUE FOR WHICH ADJUSTMENT Is MADE 


N A PREVIOUS article the relation of field strength 

to e.m.f. generated by a dynamo has been analyzed and 
it was shown that the e.m.f. depends on the number of 
magnetic lines cut per second by the conductors of the 
armature. To vary the e.m.f. it is necessary to vary the 
number of conductors, the strength of the field or the 
running speed of the dynamo. Evidently, the design of 
the machine will fix the number of conductors and the 
speed will be controlled by the prime mover, so regulation 
of the e.m.f. must be by changing the field strength. 

Strength of field set up by the field coils varies as the 
ampere turns and the turns on the coils are fixed when the 
machine is built. Reluctance of the magnetic circuit of 
the field can be varied somewhat by movable centers in 
the field poles but at the expense of instability of commu- 
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tation. The means left for varying the field is the current 
sent through the windings and this can be done by varying 
the resistance in the field circuit or by varying the average 
e.m.f. applied to the field circuit. The first method is the 
use of a rheostat in series with the field coils by means of 
which resistance can be turned in or out of the circuit as 
may be necessary; the second is the use of an automatic 
regulator which rapidly opens and closes a shunt around 
the field winding circuit, the average e.m.f. applied to the 
field depending on the ratio of the time that the shunt is 
closed to the time that it is open. 

On account of the increase in line drop as the current 
increases, it is often desirable that the e.m.f. at the dynamo 
terminals should increase with load to compensate for this 
drop and hold the voltage constant at the point of delivery 
to the lamps or motors. The series coils on the fields 
accomplish this for they increase the field strength as the 
load increases but, if finer regulation is desired, it can be 


FIG. 1. TYPICAL RHEOSTAT OF THE MULTIPLE DISC TYPE 


accomplished by running voltage wires back from the deliv- 
ery center to the station and using them to control an 
automatic regulator. 


FIELD RHEOSTAT 


Rheostatic control is used for small. machines where 
hand adjustment is sufficient and for machines of over 
10,000 kw. which run at comparatively slow speed. For 
machines which run at high speed and up to capacities of 
10,000 kw., the vibrating form of automatic regulator is 
preferred. 

For the smaller field currents, rheostats are usually 
made in disk form for mounting on the front or back of 
the switchboard. The resistances are of special alloy wire, 
wound into spiral coils and mounted in enamel on small 
discs, or wound on asbestos tubes and mounted on a frame 
at the back of the rheostat plate. For larger currents, 
cast-iron grids are used, supported at the ends and center 
on mica insulating tubes, connected in any combination of 
series and parallel to give the required resistance and 
capacity. They are mounted in groups in cast frames, 
with leads brought out to contact points on the front of 
the frame. These grid units are usually set on the floor 
or on a wall bracket and the contact arm is operated by a 
sprocket chain from a hand wheel on the switchboard or 
by a motor with remote control switch mounted on the 
board. One form of contact plate which may be used for 
any type of resistance, has an arm moved by a ratchet- 
driven wheel, the pawl of the ratchet being given a recipro- 
cating motion by a pair of solenoids whose actuating cur- 
rent is controlled from the switchboard. 
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To determine the resistance and current capacity needed 
in a rheostat it is necessary to know the resistance of the 
field windings of the dynamo and the field current which 
they are expected to carry. These depend on the design 
of the machine and must be obtained from the makers of 
the dynamo. A rule of thumb is that the resistance in the 
rheostat show}i eoual that in the field coils and the current 
capacity must be the maximum that the field coils can 
carry without overheating but for some automatic regula- 
tors the resistance required is from 1.5 to 2.5 times the 
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FIG. 2. CAST GRID TYPE RHEOSTAT 
resistance of the field coils so it is essential to know the 
exact requirements for the conditions to be met and to 
provide a rheostat to meet these requirements. Consulta- 
tion with the makers of the dynamos and of the regulators 
is the only sure way to secure proper equipment. 
Enameled disc type of rheostats are made in a range 
from 1 ohm and 3.9 amperes to 10,000 ohms and 0.11 
amperes. Wound-tube types have a range from 0.25 ohms 
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and 37 amp. to 11,500 ohms and 0.04 amp. Cast-grid 
types have a range from 0.0095 ohms and 80 amp. to 10.56 
ohms and 22 amp. Practically any combination of resis- 
tance and current capacity within these ranges can be had 
in the different types. It is always necessary to specify 
the voltage of the circuit in which the rheostats are to 
be used, so that proper insulation will be provided. 


AvuTOMATIC VOLTAGE REGULATORS FoR DIRECT CURRENT 

For use on direct-current generators, one type of regu- 
lator uses a counter-electromotive force motor in series with 
the generator field windings, the strength of the counter- 
electromotive force, which is in opposition to the. electro- 
motive force impressed on the fields from the generator, 
being controlled by varying the strength of the motor’s 
field. Connections for this system are shown in Fig. 3. 
The potential winding of the control magnet is connected 
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across the mains from the dynamo and takes current in 
proportion to the e.m.f. at the terminals of the machine, 
the exact amount of the current being regulated by a 
resistance in series with this magnet winding. In oppo- 
sition to the main winding is the potential winding which 
is shunted across a resistance in the main line so that the 
current flowing in this potential winding will be in pro- 
portion to the current flowing in the line. As terminal 
voltage increases, the control magnet draws down the core, 
opening the contacts and increasing the strength of the 
field of the c.e.m.f. motor thus weakening the excitation 
of the generator. When e.m.f. at the terminals decreases, 


DIRECT-CURRENT VOLTAGE REGULATOR WITH 
Cc. E. M. F. MOTOR AND STABILIZER 


FIG, 4, 


the opposite action takes place. Increase of line current 
sends more current through the compensating winding, 
weakening the pull on the magnet core and requiring more 
current to flow in the potential winding before the contacts 
will be opened, thus increasing the e.m.f. maintained at 
the machine terminals. 

One form of this type is shown in Fig. 4. The motor 
is prevented from overspeeding by an eddy-current brake, 
consisting of a disk rotating in front of a series of magnets. 
‘These magnets are partly excited by current from the gen- 
erator field and partly by current from the armature of the 
c.e.m.f motor, so that the braking effect varies with the 
generator field excitation and with the c.e.m.f. of the 
motor. ‘To limit the current when the field of the motor 
is short-circuited, a resistance is connected in series with 
the motor field but outside the action of the shunt contacts. 

For circuits carrying both power and lighting loads and 
where the variation in power requirements is large and 
rapid, the action of this regulator, although vibrating 500 
to 800 times a minute, is not quick enough to compensate 
for the instantaneous line drops and a voltage stabilizer is 
used. ‘This is of standard transformer construction and is 
seen at the'left of Fig. 4. One winding is connected in 
series with the power load, a second in series with the 
lighting load and a third, for regulating purposes, is short- 
circuited upon itself through an adjustable rheostat. 
Change in the power current results in an induced voltage 
in the other windings proportionate to and opposing the 
change in line drop, the amount of this effect on the light- 
ing load being regulated by adjustment of the shorting 
rheostat in the third winding. 

On alternating-current circuits, regulation may be used 
to maintain e.m.f. constant at the generator terminals, 
at the load center of the system, for the control of rotary 
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boosters, for the control of synchronous condensers or to 
secure constant current on certain circuits. The vibrating 
principle is used as for d.c. regulation but relay magnets 
are introduced for the control of the field shunting con- 
tacts and for control of the vibrating magnet circuit. 
Connections for a regulator of this type are shown in 
Fig. 5 in which it will be seen that the main vibrating 
magnet is actuated by current in proportion to the voltage 
of the generator. Relay magnets are actuated by currents 
taken from the exciter circuit and control is had by rapidly 
opening and closing a shunt across the rheostat of the 
exciter field. 

Current to the relay magnets from the main contacts 
tends to oppose the action of the main relay windings 
which are in circuit all the time. When e.m.f. of the 
generator rises, it increases the upward pull on the main 
control core and opens the main contacts. This de-ener- 
gizes the differential windings on the relay magnets and 
allows the main relay windings to pull down the arma- 
tures and open the relay contacts. On the left, this throws 
the rheostat resistance into the exciter field and lowers 
the e.m.f. of the exciter, hence of the alternator. On the 
right, it throws more resistance into the circuit of the 
vibrating magnet, weakening its upward pull and allowing 
the main contacts to open further. With decrease of alter- 
nator e.m.f., the main control magnet is weakened and 
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allows its core to drop, closing the main contacts, which in 
turn permits the relay contacts to close, the one at the left 
shorting the exciter rheostat so that exciter, e.m.f., hence 
alternator e.m.f., is increased; the one on the right short- 
ing part of the resistance in the vibrating magnet circuit, 
causing that magnet to help keep the main contacts closed. 
This cycle of operations is rapidly repeated, keeping the 
regulator in constant vibration and holding the alternator 
voltage to a steady value. ; 

To get correct operation, the weight of the vibrating 
magnet core and lever must be just balanced by the ten- 
sion of the control spring plus the average pull of the 
magnet. Time of contact engagement, i.e., the ratio of 
time closed to total time open and closed determines the 
effective resistance of. the exciter field rheostat, hence the 
e.m.f. of the exciter, consequently that of the alternator. 
If steadying of voltage is required over a broad range of 
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values, as for instance in control of a synchronous con- 
denser at the end of a transmission line, the relay magnets 
are energized from an independent source. This system 
may be used without the vibrating magnet for self-excited 
d.c. generators, the regulator being actuated from the d.c. 
mains through a resistance and the shunting relay oper- 
ating across the field rheostat. If the field current is too 
large to be handled by the shunting contacts, a separate 
exciter may be used as for alternators and regulation made 
on the field of the exciter. 

For success with regulators, exciters, generators and 
prime movers must have such characteristics as tend to 











FIG. 6. ALTERNATING-CURRENT VOLTAGE REGULATOR 


hold the e.m.f. steady under varying load. LExciters in 
parallel must work well together at all loads and at all 
degrees of field saturation. They must give an e.m.f. 
which will serve the fields of the generators at full load 
and 80 per cent power factor, with 10 to 15 per cent 
margin. Generators should have a range of not over 4 
per cent from no load to full load. Speed regulation 
should be within 4 per cent from no load to full load. 
Exciter response to field changes must be rapid, the voltage 
going from 30 to 125 v. for a 125-volt machine in 5 sec. 
and with corresponding change for other voltages. If an 
interpole exciter is used, it should give 135 volts for a 
125-volt machine at no load with the series winding cut 
out. 

Where individually excited generators are used, it is 
recommended to use a regulator for each exciter, thus 
making each unit independent of the others. Where an 
exciter bus is used, one relay should be used on the regu- 
lator for each 12 to 25 kw. of exciter capacity depending 
on the speed of the exciter. The standard range for regu- 
lation is from 45 to 135 volts on the exciter or from 60 
volts to 150. For large exciters, one relay should be used 
for each 5 amp. of field current to be handled figuring on 
maximum exciter voltage and zero resistance in the rheo- 
stat. The exciter rheostat should have a resistance to 
lower the a.c. e.m.f. 20 per cent of the normal in 6 sec. 
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and should be about three times the field resistance. 
Where exciters are used in parallel, all but one should ‘have 
additional equalizing rheostats to give proper division of 
the load, the resistance of these being 14 that of the main 
rheostats and the current capacity the same as the main 
rheostats. The generator field rheostats should be set so 
that at 80 per cent power factor and full load, 60 v. on 
a 125-v. exciter will give normal e.m.f. on the alternator. 

For an alternating current bus e.m.f. of over 110 v. 
a switchboard potential transformer of 200 w. capacity 
should be used for furnishing the actuating current for 
the main and vibrating magnets, the circuit being installed 
without fuses or fuse holders. If the e.m.f. is to have 
different values at different times, use a regulating rheo- 
stat in series with the potential transformer and the main 
windings of the regulator. 


Ling Dror COMPENSATION 

In alternating-current circuits, the line drop is made 
up of the ohmic drop and that due to inductive action, 
the e.m.f. to overcome the inductive drop being at right- 
angle time relation to the load current. To compensate 
for this element it is necessary to introduce into the 
potential circuit of the regulator a voltage in phase with 
and proportional to the inductive drop. This is done by 
an external compensator energized by series transformers 
and provided with adjustable dials which vary the voltage 
introduced into the regulator circuits for a given ampere 
load, thus permitting adjustment for the percentage induc- 
tive load. The series transformers or transformer, de- 
pending on whether complete or partial compensation for 
drop is desired, must be connected into the same phases to 
which the potential transformer is connected. Ohmic drop 
is compensated for by series transformers actuating wind- 
ings on the regulator, these windings being divided into 
sections and adjusted by dials for the proper effect. To 
enable them to determine the proper windings for a com- 
pensator, the makers should be given the approximate regu- 
lation of the ‘transmission line at rated capacity and zero 
power factor; length of line; capacity and number of 
stations; total capacity of transformer bank at each sta- 
tion; number of regulators to be applied. 

Where stations operate in parallel, each being con- 
trolled by a voltage regulator, it is possible to compensate 
only for ohmic drop, as compensating for the inductive 
drop destroys the stability of the system. Some one point 
must be specified at which it is desired to maintain 
constant voltage and ohmic drop compensation provided 
accordingly. 

HicH stack temperatures may be caused by the fol- 
lowing: Short-circuiting of the furnace gases due to 
broken baffle walls, dirty tubes or flues, inside or out or 
both, excess air or a deficiency of oxygen in the furnace 
with resulting incomplete combustion in the furnace, this 
being completed among the tubes with the aid of air fur- 
nished by infiltration through the setting. 


In THE HEATING of liquids in tanks by means of direct 
steam injection, excessive vibration and rumbling may be 
prevented by the installation of a small air jet close to the 
steam jet within the liquid. The air thus supplied breaks 
the vacuum produced by the condensing of the steam, there- 
by preventing the usual vibration. 
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Three-Wire Generating Systems 


DIFFERENT METHODS OF SUPPLYING 3-WIRE SysTEMs. USE 
oF BaLANceR Sets. METHODS OF CONNECTING FIELD 


HIS system of distribution is extensively used in direct 

current work and has as its primary object the saving 
of copper. It is based upon the fundamental law that for 
a given amount of power to be transmitted over a certain 
distance, the weight of copper required varies inversely as 
the square of the transmission voltage. The direct source 
of economy lies in the ability to employ a voltage double 
that required when the ordinary two-wire system is em- 
ployed. On a system equipped with 110-v. lamps for in- 
stance, a distribution voltage of 220 may be employed 
without in any way subjecting the lamps to over 110 v. 





























THREE METHODS OF SUPPLYING A THREE-WIRE 
SYSTEM 


Fig. 1. Two-wire generators in series with neutral connected 
to middle point. Fig. 2. Showing use of balancer set in con- 
nection with ordinary 2-wire generator. Fig. 3. 
the three-wire generator. 


FIGS. 1-3. 


Diagram of 


The 3-wire system may be supplied with current in a 
number of different ways. First, it may be supplied by two 
ordinary direct-current generators connected in series with 
a tap taken off the junction of the two machines, which is 
connected to the third or neutral wire of the system. This 
arrangement is shown in Fig. 1 and is probably the oldest 
of the arrangements employed. It was the only one used 
in the early days but has been supplanted by the other two 
systems, 

Second, we may use a balancer set in connection with an 
ordinary direct-current generator of double voltage, as 


shown in Fig. 2. 





Third, we may use what is commonly termed a three- 
wire generator. 

Balancer sets are the most convenient means of sup- 
plying a three-wire system where a source of voltage for 
the outside wires is available from a separate service or 
when the unbalanced current required for the system is 
small. Where no source of voltage is available and when 
the current required for the system has to be generated 
locally, the three-wire generator has superseded both the 
two-generator arrangement and the balancer set system. 

Like the two-wire machine, the three-wire generator 
makes use of a balancing device but instead of employing a 
motor-generator set, stationary coils are used, either en- 
tirely separate from the machine but connected to it elec- 
trically, or as in some makes, mounted directly on the 
revolving armature. When these balance coils are not in- 
tegral with the machine, it is necessary to have collector 
rings and brushes whereby the current is led from the 
armature winding to the balance coils, which are usually 
placed in some out-of-the-way location. 

Figure 3 is an elementary diagram showing a three-wire 
generator with external balance coils connected to a three- 
wire system. A and B represent the direct-current brushes 
of the generator and, as will be noted, are connected to 
the two outside wires of the system. In addition to the 
commutator, the machine is provided with collector rings, 
which are connected to the armature winding in the same 
manner as they would be in an ordinary alternating-cur- 
rent generator. Since the connections C and D of the 
collector rings to the armature winding will always be 
symmetrical with respect to brushes A and B, it is evident 
that the point E between the balance coils will at all times 
be a neutral point between A and B and may properly be 
used for the neutral connecting point of the three-wire 
system. The only object of the balance coils is to obtain a 
halfway point between positive and negative brushes. An 
auxiliary brush located halfway between the main brushes 
would in a sense divide the voltage but commutation diffi- 
culties make this method impractical. 

Before we enter into a discussion of the action of the 
balancer coils, it may be well first to consider the action 
or rather the flow of electricity in the three-wire system 
itself. 

PRINCIPLES OF THE 3-WIRE SYSTEM 


For purposes of illustration, let us assume that the 
three-wire system shown in Fig. 1 is split up into two two- 
wire systems as shown in Fig. 4 with the currents and volt- 
ages as indicated. Each of the five lamps connected to each 
circuit wire we will say consumes 1 amp. Now, let the two 
center wires shown be replaced by the single wire shown in 
Fig. 5. The current in the outside wires will be unaffected 
by this change but the current in the center wire will be 
the sum of two currents I, and I, of Fig. 4. Both I, and I, 
in Fig. 4 had a valve of 5 amp. but they flowed in 
opposite directions. The resultant current in this wire is, 
therefore, zero. 

This condition holds only where the loads on the two 
sides of the neutral are exactly equal, that is, when they 
are balanced. Suppose now we go back to our two, 2-wire 
circuits and that two of the lamps across the upper gen- 
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erator are turned off as in Fig. 6. Since each lamp takes 
1 amp., the current I, and I, in the upper system will be- 
come 3 amp. The current in the lower system is, however, 
unaffected by the change and remains 5 amp. as before. 

Replacing the two middle wires with the single wire 
gives us the condition depicted in Fig. 7%. The current 
in the neutral is the difference between the currents in the 
two center wires of Fig. 6, or 2 amp. and it flows in the 
direction of the larger current. 

In practice the middle main is usually made of the 
same size wire as each outside main, and each outside main 
need be only one quarter as heavy as would be required to 
supply the same number of lamps in the single parallel 
system using 110 v., therefore, to supply a given number 
of lamps with the three-wire system requires only three- 
eighths as much copper as would be required in the two- 
wire system with the same per cent drop in voltage. 

In supplying a three-wire system with a balanced load 
by means of a three-wire generator, only an alternating 
current is supplied to the balance coils. The value of this 
current will be small, similar to the current in the primary 
winding of a transformer at no load. When the load is un- 
balanced, however, as indicated in Fig. 3, the current in 
the neutral will tend to divide at the point E inversely as 
the resistance of the two paths EF CA and EG@DA 
from E to the positive brush. The relative resistance of 
these two paths will depend at any instant upon the posi- 
tion of the armature as it rotates. This would produce a 
pulsating current in the leads FC and GD. This tendency 
of the current to divide at the point E is prevented by 
the transformer action of the balance coil. When the cur- 
rent in E F increases, the flux in the iron core of the coil 
is increased and this, in turn, induces an electromotive 
force in EG in such a direction as to increase the current 
in EG and decrease that in EF. This action allows a 
pulsating current to flow in EG and EF but this is so 
slight as to be negligible. The neutral current, therefore, 
divides almost equally between EF and EG no matter what 
the position of the armature. 

As mentioned previously, some manufacturers of elec- 
trical machinery build three-wire generators having revolv- 
ing balance coils, which as shown in Fig. 8 are placed on a 
circular magnetic core and mounted on a cast bracket, 
bolted directly to the back end of the armature spider and 
fitting under the overhanging end windings. The various 
coils comprising this balancer are connected to the main 
armature winding at proper points with the neutral con- 
nection taken through the armature spider to a single col- 
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FIG. 8. ARMATURE OF A 3-WIRE GENERATOR SHOWING 
REVOLVING BALANCER COILS 


lector ring mounted in the outer end of the commutator 
shell. 


BALANCER SETS FOR THREE-WIRE SYSTEMS 


Balancer sets have been briefly referred to in the pre- 
ceding discussion of the three-wire system and three-wire 
generators. A balancer set consists of two machines of like 
capacity and like characteristics rigidly coupled together. 
The machines operate with equal facility as motors or gen- 
erators. As shown in Fig. 2, such a set is connected direct- 
ly between the outside wires of a three-wire system sup- 
plied by a two-wire generator. The midpoint connection 
between the two machines constituting the balancer set is 
connected to the neutral wire of the three-wire system. 

When a balanced load obtains, the two machines operate 
as motors. As an unbalanced condition is created, how- 
ever, a greater drop of voltage occurs on the more heavily 
loaded side so that the armature of the machine connected 
to that side is acted upon by a voltage slightly lower than 
normal, while the machine on the lighter loaded side con- 
tinues to operate under the higher voltage as a motor driv- 
ing the other machine as a generator. The latter, then, for 
the time being supplies current for the excess load, thus 
balancing the system. In this way the excess load on one 
side of the system is practically thrown onto and carried 
by the side apparently having the lighter load. 

As a rule, balancer sets have a combined capacity of 
from 4 to 10 per cent of the capacity of the generator 
with which they operate and, as a method of protection 
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FIGs. 4-7. WIRING DIAGRAMS SHOWING THE PRINCIPLES OF THE THREE-WIRE SYSTEM 
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against any excess of unbalancing which may occur, relays 
are provided which, when the current through the neutral 
exceeds some predetermined amount, cause the main circuit 
breaker to be opened, thereby saving the machine from 
possible burnout. 


Metitops OF CONNECTING FIELDS 

In Fig. 2 the shunt field coils are connected across 
each machine. With this arrangement it is apparent that 
under unbalanced conditions the field of machine A for 
instance is stronger than the field of B because the voltage 
across A is higher. As a consequence the re-established 
balance is not perfect; A, having a stronger field, will 
run slower as a motor, while B, having a weaker field, will 
generate less voltage—both conditions operating against a 
return to balance. 

This particular difficulty may be overcome by connect- 
ing the fields in series across the two outside wires, elimi- 
nating the center connection to the neutral, as shown in 


January 1, 1925 


balanced by adjusting the load on the two sides of the 
neutral, thus greatly reducing the duty imposed on the 
balancer set. By careful grouping of the lamps and motors 
on the system, the unbalancing of a three-wire system may, 
in practice, be kept within 8 or 10 per cent, so.that the 
rated output capacity of each of the generators of the 
balancer need be only 8 or 10 per cent of that of the main 
generator. 


Parallel Operation of D. C. 
Generators 


PARALLEL OPERATION OF DrreEoT - CURRENT 
GENERATORS. USE OF EQUALIZER CONNECTION TO 
OvERCOME MoToRIZING. PROCEDURE IN CUTTING 
GENERATORS IN AND OUT OF PARALLEL SERVICE 


N ORDER to understand the function of the equalizer, 
it is necessary to trace the reactions of shunt and of 
series wound generators when operating in parallel, if the 
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FIGs. 9-15. 


Figure 10 gives still better regulation for here the field 
of the machine on the low voltage side, as for instance at 
B, is across the high voltage side and vice versa. In other 
words, the motor field is weakened—tending to increase the 
speed—while simultaneously the field of the generator is 
strengthened, further raising its voltage. 

Another way of stabilizing the voltages across the two 
sides of the balancer set is to use compound wound in- 
stead of shunt wound machines. Such an arrangement is 
shown in Fig. 11. In this case under unbalanced condi- 
tions the field on the motor becomes “differential,” that is 
the series fields oppose the shunt fields and so tend to in- 
crease the speed. The generator series fields assist the 
shunt fields and so increase the voltage. This method can 
be used with the shunt field connection of Fig. 1, 9 or 10. 
The straight series connection shown has the disadvantage 
that on severe unbalance it may so weaken the field as to 
cause a runaway or, if prevented from this by the brake- 
ing effect of the generator, a flashover. 

Figure 12 shows a connection with series field crossed. 
This overeomes the unstable characteristics of the straight 
series connection, but also is not quite so accurate because, 
under unbalanced conditions, it slows the motor down and 
weakens the generator field. 

An entirely different form of connection is shown in 
Fig. 13 where the series fields carry the neutral current 
instead of the machine current. The designer of the in- 
stallation would naturally take this into consideration, but 
it is possible to get a little closer regulation with the 
higher current. 

In the operation of balancer sets for three-wire sys- 
tems, it is desirable to keep the system approximately 


VARIOUS METHODS OF CONNECTING BALANCER SETS FOR OBTAINING DIFFERENT CHARACTERISTICS 


voltages are not the same. Starting with the shunt ma- 
chine, the action is simple. If, in Fig. 1, the e.m.f. of 
machine A is 110 volts and that of B is 105 volts, evidently 
current will tend to flow from A to B. When this current 
reaches the positive terminal of B, flowing in opposition 
to the e.m.f. of that machine, it will divide, part going 
through the armature and part through the fields but the 
current in the field coils will be in the normal direction and 
will increase the field strength. The current through the 
armature will act to drive B as a motor and raise its speed. 
The net result will be that A will carry all the outside load 
and in addition will deliver some current to B as a motor. 


SeRIES-WOUND GENERATORS 

In the case of series machines in parallel as in Fig. 2, 
considering only the full lines as if the equalizer were 
absent, if the e.m.f. of A be 110 v. and that of B 105 v., 
current will flow from A to B but will flow through the 
field coils in the reverse of the normal direction, hence 
will demagnetize the fields and lower the e.m.f. generated 
by B. This will cause the flow of larger current from A 
which will further weaken the fields with the result that B 
will stop generating entirely and become a dead short cir- 
cuit on A, causing all circuit breakers to open and shut- 
ting down the plant. This action will start as soon as 
there is the slightest difference of e.m.f.’s between the 
two machines, hence the condition will be unstable at all 
times. 

If, however, an equalizer be introduced as shown by 
the dotted lines, current from A will flow to B through 
this connection and will divide, part going to the armature 
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and acting to speed it up and part going through the 
field in the normal direction as shown by the dotted arrow, 
thus strengthening the field and helping to build up the 
e.m.f. of B. The net result will be the same as for shunt 
machines. 

In the case of shunt machines, as soon as the motorized 
condition of B is noticed, it can be corrected by turning out 
rheostat and raising its voltage. For series machines, the 
motorized condition can only be remedied by speeding up 




















SHUNT-WOUND GENERATORS WILL OPERATE IN 
PARALLEL WITHOUT TROUBLE 


FIa. 1. 


the lower voltage machine or increasing the turns on the 
field. 


PARALLEL ACTION OF CoMPOUND-WOUND GENERATORS 

When compound-wound dynamos are run in parallel, 
evidently the reactions are a combination of the two already 
given. Low e.m.f. in one will cause flow of current to it 
from the bus bars, the shunt windings trying to build up 
voltage and the series windings to reduce it, while the 
armature is speeding up, trying to increase the e.m.f. 
generated. Generally, the series action will overpower 
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FIG. 2. SERIES-WOUND GENERATORS IN PARALLEL OPERATE 
IN AN UNSTABLE CONDITION WHICH CAN BE CORRECTED BY 
ADDING AN EQUALIZER 


the shunt action so that the machine will go out of com- 
mission and, in any case, the action will be harmful. 
For this reason an equalizer is always used, connecting 
directly the armature ends of all series coils. As this is 
an action which has no relation to the load current, it is 
better to run this equalizer connection direct between ma- 
chines without going through the switchboard but, if con- 
sidered better for operation to have all control on the 
board, an equalizer bus may be installed to which the 
armature ends of all series coils are connected. 

As the equalizer switch should be closed before the 
main switch is thrown in, it is usually made a separate 
single-pole switch for each machine. If it is desired to 
guard against forgetting to close the equalizer switch, a 
three-pole switch may be used, the middle blade being for 
the equalizer connection and so arranged as to make con- 
tact before the outside blades. When direct cables are 
run between machines, the equalizer switches are placed 
on pedestals near the machines. 

When bringing in a compound-wound dynamo, the first 
step is to bring it to speed and see that all oiling appara- 
tus is working properly. The field switch is then closed 
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and resistance turned out of the rheostat until the voltage 
is a little above that of the bus bars. Next close the 
equalizer switch and finally throw in the main switch. 
The rheostat should now be adjusted until the machine is 
carrying its proper share of the load. Before throwing 
the main switch, it is well to look at the ground detector 
lamps, shown in Fig. 3, to make sure that the machine is 
clear of grounds. 

When it is desired to take a machine, which is operating 
in parallel, out of service, the first step is to turn resistance 
into the rheostat until its ammeter is registering zero. 
The main switch may then be pulled and next the equalizer 
switch opened. Now turn in all the rheostat resistance so 
as to cut the e.m.f. to as low a value as possible and shut 
down the machine, after which the field switch is to be 
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FIG. 3. COMPOUND-WOUND GENERATORS ALSO NEED AN 
EQUALIZER CONNECTION WHEN OPERATED IN PARALLEL 


opened. Unless the rheostat cuts the e.m.f. of the dynamo 
to practically zero, opening the field switch while the ma- 
chine is running may result in reversing the residual field 
magnetism, which will make trouble when the machine is 
again started up. This is true of all direct-current, self- 
excited machines, whether run in parallel or not, hence the 
precaution should always be observed when shutting down. 


Cleaning Air for Air Blast Trans- 
formers 


IN RESPONSE to the inquiry from a member company, 
data were collected by the Electrical Apparatus Committee 
of the N. E. L. A. covering methods in use for cleaning the 
air delivered to air blast transformers. 

Of 19 companies which furnished data, only nine were 
using air blast transformers. Of these, five report the use 
of air washers; one used cheese-cloth in the intake— 
changed at specified intervals. One used large mesh screens 
and two did not find cleaning apparatus necessary. 

Of the five companies which used washers, two reported 
transformer failures directly or indirectly attributable to 
moisture from the washer. Two reported that the washer 
did not clean the air satisfactorily. 

There is a very general tendency to change from wash- 
ers to dry filters. One company reports that where it is 
not necessary to cool the air for transformers, the chem- 
ically coated air filter is much superior to the water spray 
type. Tests on the filter show that 97 to 98 per cent of the 
dirt is caught by the filter. The water spray filter takes up 
valuable space and: certain parts deteriorate so as to call 
for replacement. within four or five years. The maintenance 
of such a washer is very high and it creates at all times a 
wet and sloppy condition not in accord with the usual 
housekeeping conditions in an electrical substation. 
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Alternating 
Current 
Machinery 


EXcITATION CURRENT MAY BE OBTAINED FROM A DIRECT CONNECTED 
or SEPARATELY DRIVEN EXCITER, OR BY COMPOSITE EXCITATION 


LTERNATING CURRENT will not serve to magne- 

tize the fields of an alternator; therefore some ar- 
rangement must be made for obtaining a direct current 
for this purpose. This may be either by taking current 
from a small direct current generator, called an exciter, 
or by commutating or rectifying all or a part of the alter- 
nating current produced by the alternator. 

Windings on the field magnets of alternators are usu- 
ally classified according to the source of the current. The 
principal divisions are, separately-excited, self-excited and 
compositely-excited, so-termed, respectively, when the 
magnetizing current is supplied from an external source, 
when supplied from a rectifying commutator mounted on 
the shaft of the machine under consideration or when the 
two arrangements are combined. Self-excited alternators 
may again be subdivided into series or shunt wound, de- 
pending upon whether the whole current is rectified and 
led through a comparatively small number of turns around 
the field magnets or whether only a portion of the current 
is rectified and led through a shunt circuit many times 
around the magnets. 

It has become quite common in modern practice to use 
separate exciters. The exciter may be mounted on an 
extension of the main generator shaft, belt driven from the 
main generator shaft, or it may be driven by a motor from 
the generator bus. Direct drive from the generator is 
objectionable, however, in that a variation in the speed 


INDUCTION MOTOR DIRECT CONNECTED TO A D.C. 
GENERATOR 
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of the generator will occasion an even greater percentage 
variation in its voltage. Thus, if the alternator speed 
varies 1 per cent, the speed of the exciter will also vary 1 
per cent and the exciter voltage will vary slightly more 
than 1 per cent, this causes a little more than 2 per cent 
variation in the main generator voltage. It is advisable 
therefore to drive the exciter by some independent means 
such as a small steam engine or turbine, or by a motor 
which is supplied with current from some independent 
service such as a house turbo-generator. Separate prime 
movers to drive exciters are inefficient because of their 
small size. Where exhaust steam at low pressure can be 
economically used for feed water heating, their use is justi- 
fied. The present practice of bleeding steam from the 
main unit for feed water heating, has greatly limited the 
use of small steam-driven exciters. 

Motor-driven exciters are cheap, economical and reli- 
able. Synchronous motors should not be used because an 
outside disturbance may throw them out of step and thus 
cut off excitation and shut down the entire plant, hence 
induction motors are generally used for this service. In 
many cases both motor and steam driven exciters are in- 
stalled, the motor-driven units being generally considered 
as spare units and operated alternately with the steam 
driven units to maintain the station heat balance. For 
this purpose an exciter often arranged to be driven either 
by a motor connected on one end or by a turbine connected 
at the opposite end of the shaft. 


StoraAGE BArrertes May Be USED For EXcITaTIoNn 

Continuous excitation is of great enough importance in 
some instances to warrant the installation of a storage 
battery which may either float on the exciter bus or stand 
by fully charged. The capacity of this battery should 
preferably be such that it could excite the entire station 
for one hour. Exciter voltages in common use are 125 v. 
for all except the largest units where 250 v. is preferred. 
The size of the exciter plant depends upon the size of the 
station. Small, low-speed generators may require up to 
5 per cent of their capacity for excitation, whereas large, 
high-speed turbo-alternators may required but 0.5 per 
cent of their capacity. The exact requirements in each 
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DIRECT-CURRENT GENERATOR DIRECT DRIVEN BY A 
STEAM TURBINE 


FIG. 2. 


case should be obtained from the manufacturer of the main 
generating equipment. 

Voltage of the exciters is controlled, in all systems, 
by hand regulation of rheostats whether or not there are 
automatic means. Hand regulation alone is suitable only 
where the load is comparatively uniform and where the 
generators inherently regulate well. Automatic regula- 
tion is obtained by two methods: first, the automatic ad- 
justment of the field resistance by motors or solenoids 
controlled by a relay and, second, the alternate short-cir- 
cuiting and insertion of resistance in the field circuits. 
The first method makes the adjustment gradually while 
the chief characteristic of the second method is that it is 
inherently more sensitive than the first method. 

Control of an alternator field may be affected in two 
ways: by regulating the voltage of the exciter, and by 
changing the resistance of the generator field. In the first 
case, the control is placed in the exciter field and the cur- 
rent through the control device is comparatively small. 
This method is in most common use with large alterna- 
tors. In the second method, the full field current must 
pass through the control device and, therefore in practice, 
it is limited to use with the smaller sized units. 

Voltage control, effected by a variation of the field 
excitation with the load, results in a falling off of the 
electromotive force with increasing current output. To 
counteract this tendency automatically, an auxiliary field 
excitation is sometimes provided which increases with the 
current output of the machine, the whole or a part of the 
current given by the machine being rectified for this pur- 
pose and sent through the auxiliary field coils. This 
arrangement is shown in Fig. 5 and is explained as fol- 
lows: the field winding of the alternator has two sets of 
windings designated as F and C, the former being sepa- 
rately excited. The coils, C, which are known as the series 
or composite coils, are excited by current from the alter- 
nator. This current has been rectified by means of the 
commutator B which is mounted on the alternator shaft. 
One terminal of the armature winding is connected directly 
to a collecting ring and the other terminal connects to 
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EXCITER DRIVEN BOTH BY AN A.C. MOTOR AND A 
STEAM TURBINE 


FIG. 3. 
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TURBO-GENERATOR WITH EXCITER CONNECTED 
DIRECTLY TO THE MAIN SHAFT 


FIG. 4. 


one set of alternate bars of the rectifying commutator B, 
From the rectifier the current is led through the coil C, 
back to the rectifier and then to the other collector ring 
on the alternator. The shunt S in the commutator may be 
used when it is desired to rectify only a part of the 
current. 

If it is desired to regulate the amount of current 
which passes through coil C, it will be necessary to put 
shunt S? in the circuit. 


Fretp Circuit 1s CoNNECTED To RECTIFIER THROUGH 
BrusHES 


Rectifiers, as used for composite excitation, have as 
many poles as there are poles in the magnetic field of the 
alternator. These bars are wide and are insulated, one 
from the other by mica strips. They may be numbered 
and the even numbered bars connected together and the 
odd numbered bars should also be connected together. The 
field circuit which is to receive the rectified current is con- 
nected to two brushes which bear on the commutator, the 
brushes being so spaced that one is in contact with an odd 
numbered bar at the same time that the other brush is in 
contact with an even numbered bar. The brushes are 
mounted on a rocker arm so that their position can be 
moved forward or backward until the brushes are passing 
from one bar to the next at the same instant that the 
alternating current is passing through its zero value. The 
brushes are in their correct position when sparking is a 
minimum. 
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FIG. 5. DIAGRAM SHOWING METHOD OF COMPOSITE 
EXCITATION 
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Composite field excitation is not used to any great 
extent in present day practice. It is not satisfactory for use 
on polyphase alternators unless the receiving circuits sup- 
plied from the alternators are practically balanced. Any 
unbalancing of the receiving circuits changes the electro- 
motive force generated in the various phase windings of 
the armature. ‘This change varies by different amounts and 
composite excitation, applied to the magnetic field as a 
whole, cannot correct the different electromotive force 
variations of the several phases. 

As has been explained, the field voltage and amperage 
of an alternator are extremely low as compared to those 
of the armature. It is a logical development then that, if 
there must be a sliding contact in either circuit, it would 
preferably be in the field circuit. Accordingly practically 





FIG. 6. COMPLETED ROTOR WINDING OF A 35,000-KvV.A., 
1800-R.P.M., 13,800-V. ALTERNATOR 


all synchronous alternating-current machinery is con- 
structed with the armature as the stator and the field as the 
revolving element. 

Field rotor construction for this service varies con- 
siderably for alternators of various sizes and speeds. For 
the smaller machines, the spider may be made up of sheet 
iron laminations pressed on the rotor shaft and riveted 
together between end plates. The spools or pole pieces 
may also be of laminated construction and are securely 
fastened t6 the spider. 

Hien Sreep Rorors MAy BE MADE or SoLip Foreines 

On large, slow-speed machines such as those driven by 
steam engines and water turbines, the spider may be made 
up of iron or steel castings, similar to a flywheel. The 
spools would then be securely fastened to the outside of the 
rim. For turbo-alternators which operate at high speeds, 
the rotor may be either a solid forging in which grooves 
are cut to receive the field windings, or the rotor may be 
built up of a number of forged pieces. In the latter case, 
the laminated construction is, of course, not used. 
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Windings may be made either of wire or flat strip 
copper, the latter always being used on the larger sizes of 
machines. 'T'wo leads are brought out from the field wind- 
ing and one is secured to each of two copper collector 
rings which revolve with the shaft from which they are 
thoroughly insulated. Brushes, which are held in suitable 
holders secured to the frame, make the sliding contact by 
means of which the exciting current passes to the collector 
rings, thence to the field winding. 

Since the voltage is low and the temperature moderate, 
it is practicable to employ simple methods of insulation on 
the. field winding of small and slow-speed machines. The 
chief difficulty lies in high-speed machines where the 
windings are embedded in slots and the heat dissipation is 
comparatively slow. In this construction, copper space is 
at a premium so that the current density is high and, as 
a result, the temperatures are so high that mica must be 
the chief ingredient of the insulation. 


Types of A. C. Armature 
Windings | 


Winpines For A.C. Motors AnD GEN- 
ERATORS ARE PRACTICALLY ALIKE AND 
GENERALLY ARE OF OPEN-CirRCUIT TYPE 


LTERNATING CURRENT could be generated and 
transmitted as a single-phase system provided that it 
was to be used for lighting purposes only. With the 
development of the electrical industry there has been cre- 
ated an enormous demand for power supplied from alter- 
nating-current motors. Because of the inherent disadvan- 
tages of the single-phase motor, it was but a natural step 
to the production of a motor with two or more alternating 
currents displaced in phase from one another, thus creat- 
ing what are known as polyphase induction motors and 
polyphase synchronous motors. 

In the simplest form of a polyphase machine there 
would be two similar and independent single-phase arma- 
tures mounted on the same shaft in such-a manner that 
the electromotive forces of the two armatures arrived at 
their maximum values 90 deg. or one-fourth of a period 
apart. A 

Reference to Fig. 1 will show that the electromotive 
forces induced in the armatures A and B are just 90 deg. 
apart. Armature A is in the position in which its wind- 
ings (represented as in the slots) are cutting lines of mag- 
netic force from the field poles at a maximum rate, while 
the position of armature B is such that its windings do 
not cut any magnetic flux. Therefore the electromotive 
force generated by a conductor on armature A is at its 
maximum value at the same instant that the voltage gen- 
erated in the windings of armature B is zero; that is, the 
electromotive forces generated at any instant in the arma- 
tures A and B differ in phase by 90 deg. 

This may be explained further by noting that a con- 
ductor on armature A passes through a complete cycle of 
changes as it moves from the center of one north pole to 
the center of the next north pole. The interval between 
the centers of two adjacent north poles corresponds to 360 
electrical degrees. The phase difference between the two 
windings on armatures A and B is therefore one-fourth of 
360 deg., or 90 electrical degrees. 
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In practice the two-phase alternator is constructed with 
both windings A and B on the same armature core. To 
accomplish this, the armature core is made with twice as 
many slots as either armature A or B would have as cited 
in the first case. Every other slot would then contain a 
conductor of winding A and the intermediate slots would 
be occupied by conductors from armature B. 

Armature windings A and B, such as just described 
would be termed concentrated or uni-coil type, that is hav- 
ing one slot per pole for each winding. Distributed or 
multi-coil windings are also frequently used for two-phase 
machines, in which the coils belonging to windings A and 
B are each distributed in two or more slots. 

Two-phase alternators may be provided with two sets 
of collector rings, or they may be provided with but three 
rings as in Fig. 2, in which case one ring serves as a com- 
mon collector for the two armatures. -This type of con- 
struction is usually found on small alternators. In larger 
machines the armature is stationary and requires no rings 
and the two rings found on the shaft are for supplying 
excitating current to the revolving field. 

Alternators are referred to as three-phase machines 
when three separate windings are mounted on the arma- 
ture. The three-phase alternator is, in fact, a combina- 
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FIG. 1. DIAGRAMS OF A TWO-PHASE ALTERNATOR WITH TWO 
SEPARATE ARMATURES 
FIG. 2. DIAGRAM OF A TWO-PHASE WINDING WITH THREE 
COLLECTOR RINGS 


tion of three single-phase alternators wherein the electro- 


‘ motive forces given by the three windings are 120 elec- 


trical degrees apart. In practice the three windings are 
placed on the same armature and there are three times as 
many slots as would be required for a_ single-phase 
machine. 


Four Contector Rines May Be Usep on THE THREE- 
PHASE ALTERNATOR 

If the three circuits of a three-phase alternator, which 
has a rotating armature, are to be kept separate, six col- 
lector rings would be used. The circuits may be practically 
independent, however, if four collector rings are used as 
shown in Fig. 4. 

As ordinarily constructed few machines are of the 
strictly three-phase type of winding. They may be more 
properly called six-phase wound with the three phases 
spaced 120 deg. apart and the coils so connected that the 
machine will operate on a three-phase circuit. Thus if 
there were two coils in series in each phase winding of a 
440-v. machine, they could be separated and reconnected 
in parallel so that the machine would operate at 220 v. A 
parallel arrangement of coils could be cut over to the 


series arrangement so that the voltage would be increased. 
In either case the power output would remain the same, 
therefore, if the change resulted in an increase in voltage 
the amperage would be reduced and with decreased voltage 
the amperage would be increased. 

Two important factors determine the form and type of 
windings to be used on an alternating machine. These are 
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FIG. 3. ARRANGEMENT OF SLOTS FOR A THREE-PHASE 
ALTERNATOR ARMATURE 
FIG. 4. DIAGRAM OF A THREE-PHASE WINDING WITH FOUR 
COLLECTOR RINGS 


the mechanical form of the slots, that is whether they are 
open or semi-enclosed; and, whether the winding is on 
the rotor or on the stator. All alternating-current ma- 
chines of the wound type are drum wound, that is the 
armature coils are placed in slots in the laminated core of 
the armature. Slots of the semi-enclosed type give the 
best performance and are therefore preferred by the de- 
signer. Open slots are of course preferred by the repair 
man. 




















FIG. 5. DIAGRAM OF THE “Y” SCHEME OF CONNECTING A 
THREE-PHASE ALTERNATOR 
FIG. 6. DIAGRAM OF THE “DELTA” SCHEME OF CONNECTING 
THE PHASES OF A THREE-PHASE ALTERNATOR 


Windings which are most often found with the partly 
closed slots are: (1) Straight bars with involute end con- 
nectors. (2) Pushed-through coils, that is those which 
are made U shaped and pushed through two slots at a time 
in a direction parallel to the shaft. The coil being in 
place, the ends are bent around and connected together at 
the other side of the core. (3) Threaded coils, which are 
formed in the machine itself from a single piece of wire 
by passing it through one slot, bending it around a suit- 
able form and then passing it back through another slot. 
(4) Fed-in or dropped-in coils are formed complete into 
a diamond shape and the turns are fed one at a time 
through the openings of the slots. 

The first type of construction has been generally dis- 
continued because of the fact that a number of small con- 
ductors in parallel give less copper losses than does the 
large single conductor. The push-through winding has 
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become obsolete because of the difficulty of making repairs. 

The third type, or hand wound requires great skill to 
avoid skinning the wire. It is not used to any great extent 
in this country. The fourth type or fed-in coils are used 
almost universally for the use of stators for motors up to 
20 hp. and below 550 v. It is also used for stators in 
larger capacities although the tendency has been to con- 
fine its use to smaller ratings and to use open slots on the 
stator for the higher rated machines. 

Alternating-current windings are classified in general 
into, (1) distributed windings and (2) concentrated wind- 
ings. The first classification is explained in that the con- 
ductors of one phase under a single pole are placed in 
several slots. If the conductors are bunched together in 
one slot they form a concentrated winding. 
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SPIRAL OR CHAIN WINDING OF A TWO-PHASE, FOUR- 
POLE MACHINE. ONE PHASE ONLY IS SHOWN 


FIG. 7. 


Distributed windings are classified as (1) Spiral or 
chain, (2) Lap, and (3) Wave. Spiral or chain windings 
(Fig. 7) are made up of several shapes of coils since the 
coils enclose one another and must have special end shapes 
for clearance. The advantages of this arrangement are 
good insulation possible, adequate air spaces and a.small 
number of coils as compared with other windings. 

Lap and wave windings may be assembled either in the 
distributed or the concentrated manner. These are in 
principle the same as the lap and wave windings for direct- 
current machines except that the terminals of the coils 
are connected to each other in a definite order instead of 
being connected to the segments of a commutator. 

Alternating-current coils connected so that there are as 
many coils per phase as there are poles, are termed “whole- 
coiled” windings. If the coils are connected so that there 
is only one coil per phase per pair of poles, the winding is 
called “half-coiled.” 


WINpINGS May Br Mabe or Copper Bars 


Coils for small motors are usually made of round insu- 
lated wire and are usually formed complete, unless the 
slots are closed or nearly closed. For large machines, cop- 
per straps are frequently used to make up the coils and 
in very large machines copper bars are used, the bar serv- 
ing as a conductor of a coil having one turn per slot. A 
layer bar winding may be made up with two or four bars 
per slot. The current density in alternating-current wind- 
ings is usually 2500 amp. per sq. in. for small machines 
and 1500 amp. per sq. in. in high voltage design. 

All winding connections should be scraped clean and a 
sleeve connector of tinned copper slipped over them. They 
can then be soldered and taped. If connectors are not at 
hand, bare copper wire may be wrapped around the joint, 
which can then be soldered and taped. 

If two or more alternators are connected in parallel 
and driven at the same frequency, they operate as though 
coupled together by an elastic coupling similar to the 
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operation of a synchronous motor connected to the mains 
from a generator. They must run at the same frequency 
as long as they are coupled together. 

If two similar alternators are driven by separate prime 
movers, of which the speed characteristics are , different, 
then the division of load will be wholly dependent upon 
these speed characteristics, that is the division of load will 
be dependent upon the governors. If the speed regula- 
tion of the prime movers is close, then it is evident that 
for parallel operation, the two speeds must be closely 
adjusted. Large units are often fitted with means for 
adjusting governors during operation, which may be con- 
trolled from the switchboard by means of a small motor 
geared to the governor mechanism. 

Changing the excitation to either machine has the 
effect of changing the division of reaction current. In- 
equality of excitation is equalized by a circulating reac- 
tive current which transfers a part of the excitation from . 
the over-excited machine to the under-excited machine. 
The terminal voltage is determined by the total excitation 
to both machines, the load and the power factor of the 














FIG. 8. LAP WINDING FOR A TWO-PHASE, FOUR-POLE 
MACHINE 
FIG. 9. DIAGRAM OF A SINGLE PHASE, DISTRIBUTED WAVE 
“WINDING WITH THREE SLOTS PER POLE PER PHASE 


If the voltage in a power plant is controlled by an 
automatic regulator, acting on the exciter bus connected 
to the fields of all the machines operating in parallel, a 
given increase of excitation for an increase of load will 


affect all the alternators the same. If the regulation of 
two alternators is not the same and they share the active 
and reactive currents in proper proportion, the close regu- 
lated machine will be over excited and will take more than 
its share of the lagging reactive current. 


CoNSIDERABLE interest has been manifested in the pos- 
sibility of development of couplings for turbo-generators 
which could be rapidly disconnected in case of turbine 
trouble, thus permitting the use of the generator as a 
synchronous condenser for power factor correction while 
the turbine was out of commission. This matter is largely 
of a mechanical nature and was accordingly discussed with 
the Prime Movers Committee at a joint meeting. It was 
brought out that all four bearing turbo-generator units can 
be disconnected in from three to four hours, but that it is 
necessary to arrange for lubrication and starting of the 
generator. It has been suggested to manufacturers that 
suitable means be made available to easily split the oil 
system on turbo-generators in order to be able to run the 
generator with the main coupling disconnected. Certain 
three bearing machines cannot be operated in this manner. 
—N. E. L. A. Electrical Apparatus Committee Report. 












January 1, 1925 


Parallel Operation of A. C. Generators 


Care Must Br UsEp IN SYNCHRONIZING 
TRIBUTING LOAD BETWEEN MACHINES TO REDUCE Cross CURRENTS 


HEN alternating-current generators are to be oper- 
ated in parallel, a number of precautions must be 
kept in mind to avoid possible damage due to heavy cross 
current which may be set up between machines. The ma- 
chines must be properly connected to the busses, or “phased 
out” as it is sometimes termed; the synchronizing opera- 
tions must be carried out carefully and, after the machines 
have been paralleled, the fields must be regulated to reduce 
cross currents to a minimum. 
Phasing out is necessary when a new generator is first 
placed in operation so that each lead from the generator 
will connect to the proper bus when the generator switch 
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DETERMINING THE PHASE RELATIONS OF TWO 
ALTERNATORS 


FI@. 1, 


is closed. Connections for phasing out a three-phase cir- 
cuit both with and without the use of voltage transformers 
are shown in Fig. 1. If voltage transformers ate not used, 
the sum of the voltages of the lamps in each line must be 
approximately equal to the generator voltage. In phasing 
out a 440-y. circuit, it would therefore be necessary to use 
two 220-v. lamps or four 110-v. lamps in series. 

When phasing out, the two machines are run at about 
synchronous speed. If the leads are properly connected, 
all of the lamps in the three phases should become bright 
and dark together. If they -do not pulsate together, inter- 
change any two of the main leads from the generator, 
leaving the lamps connected to the same switch terminals. 
The lamps will now all fluctuate together and the connec- 
tions are correct. 

Another method of phasing out which is sometimes 
feasible is to clear all other machines from the busses and 
then throw the new machine in. If the new generator will 
run a three-phase motor in the same direction as it ran 
when connected to the busses, supplied by the old ma- 
chines, the new generator is properly connected. 

In the parallel operation of generators, it is necessary 
that they be similar in frequency, phase relation and volt- 
age. Of these three factors the phase relation and fre- 
quency may be determined when sychronizing and the fre- 
quency may be changed by varying the speed of the prime 
mover. The voltage may of course be controlled by the 
field strength. If similar generators are running at the 
same speed, then difference in phase remains constant. 
This condition does not exist in practice due to slight 
variation in the speed of the prime ‘movers, so it is neces- 
sary to determine when these phase relations are in as 
nearly exact coincidence as possible. 
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Figure 2 illustrates a simple method of determining 
when either of two generators are in phase with the cur- 
rent on a three-phase ‘bus. 






PROCEDURE IN SYNCHRONIZING 
Suppose it is desired to synchronize one of the genera- 
tors with the bus on which one or more other machines are 
operating in parallel. In this case one of the generators 
shown in Fig. 2 can be ignored. In this illustration A and 
B represent two single-phase transformers connected across 
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FIG. 2. SIMPLIFIED CONNECTIONS FOR SYNCHRONIZING 
THREE-PHASE CIRCUITS WHERE TRANSFORMERS 
ARE REQUIRED 













the main leads of the one generator and the bus respec- 
tively and with these secondaries connected in series 
through the lamps. Now if the transformers are connected 
similarly in the two circuits then when the generator is in 
phase with the bus the voltage in the secondaries will be 
in phase and no current will flow through the lamps, but 
when the generators are out of phase the electromotive 
forces in the secondary circuits will be out of phase also 
and current will flow through the lamps. The amount of 
this current and the resultant brilliancy of the lamps de- 
pends on the difference in phase. 

If the connections of either the primary or the second- 
ary of either transformer are now reversed from those 
shown in Fig. 2, the indications of the lamps will be 
reversed. In this case the lamps will burn at maximum 
brilliancy when the generator is in phase with the bus. 

These two methods are known as “synchronizing dark” 
and “synchronizing light.” In the one case the machine 
is thrown on the bus when the variation in light is the 
slowest obtainable or ceases altogether; that is, just before 
the middle of the longest dark period. In the other case, 
the machine is thrown on the bus at the instant of maxi- 
mum brilliancy. 

Since it is rather difficult to determine the time of 
greatest brilliancy the synchronizing dark method is usu- 
ally preferred. The light period is relatively long com- 
pared with the dark period, so that synchronizing light is 
also more difficult on that account. One drawback, how- 
ever, to the “dark” method is that, if a filament breaks, 
the lamps will remain dark thus apparently indicating 
By using two lamps in multiple at each 
























synchronism. 


















indicating point, the probability of such an accident is 
practically eliminated. 


How to CHECK SYNCHRONIZING TRANSFORMER 
CONNECTIONS ° 

One point which is apt to confuse the operator when 
the synchronizing transformers are connected up for the 
first time is whether the connections will give a “light” 
or “dark”’ indication. ‘This may be checked in the fol- 
lowing way: In Fig. 2, raise the brushes on the generator 
which is to be synchronized. Now close the main switch 
of that machine. This will bring the bus voltage clear up 
to the machine and in this case transformers A and B 
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CONNECTIONS OF TWO THREE-PHASE GENERATORS 
IN PARALLEL 


FIa. 3. 


will be fed from the same source. In other words, the 
condition, as far as the synchronizing lamps are concerned, 
is the same as with the generator in phase with the bus. 
If the lamps now burn brightly and it is desired to syn- 
chronize dark, the connections of one of the primaries or 
of one of the secondaries should be reversed. 

Lamps which are used for synchronizing should be 
adapted for the highest voltage which they will receive. 
Under maximum out of phase conditions this will be twice 
the voltage of the individual transformers or twice the 
machine voltage where no transformers are used. Thus if 
two 220-v. machines are being synchronized, two 220-v. 
lamps or four 110-v. lamps in series might be used. If it 
is desired, however, three 110-v. lamps can be used, in 
which case the dark period will be shortened and the in- 
dication of synchronism will be more accurate. This also 
increases the likelihood of breaking a lamp filament. 

In addition to lamps, most installations are equipped 
with a synchroscope to aid in paralleling machines. The 
synchroscope indicates whether the machine to be syn- 
chronized is running fast or slow and indicates the exact 
instant when the machines are in synchronism. The de- 
tails of this instrument are described in another article in 
this issue dealing with electrical instruments, 

Difference in speed between two machines may be de- 
termined by the rate of pulsation of the synchronizing 
lamps. One pulsation of the lamps, that is, the interval 
between two consecutive occurrences of maximum bril- 
liancy, indicates a gain of one cycle or two alternations 
of one machine over the other. Thus if there are 36 pul- 
sations of brightness per minute and the number of alter- 
nations is 7200 per minute then one machine gives 7272 
alternations while the other gives 7200. One machine is 
therefore running 1 per cent faster than the other machine. 
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After the fundamentals of synchronizing are under- 
stood, it is comparatively simple to start up an alternator 
and bring it into parallel operation with others. First see 
that there is plenty of oil in the bearings, that the oil 
rings turn freely and that all switches are open. The 
exciter should be started and adjusted for normal voltage. 
Start the generator slowly and bring it up to speed. Then 
turn the generator field rheostat so that all of its resistance 
is in the field circuit. Close the field switch, then adjust 
the generator field resistance so that the generator voltage 
will be the same as the bus bar voltage. Synchronize and 
close the main field switeh. Then adjust the field rheostat 
until cross currents are a minimum and adjust the gover- 
nors of the prime movers so that the load will be properly 
divided between the units in proportion to their capacities. 
ADJUSTMENT OF FIELD ror Minimum Cross CURRENTS 

Adjustment of the field rheostat so that cross currents 
will be a minimum is an important point. As a rule the 
proper field current for a machine running in parallel 
with others is the same it would have if running alone and 
delivering its load at the same voltage. If the adjustment 
































POTENTIAL 
TRANS. 








\ 










OL 
SWITCH 








ALTERNATING CURRENT VOLTMETERS 







suse SYNCHRONIZING PLUG 
B3-—VOLTMETER PLUG 

BUS 

POTENTIAL TRANSFORMER 





















\ 





RESISTANCE 





THREE-PHASE GENERATOR 









GENERATOR FIELD 






AN ARRANGEMENT OF TWO GENERATORS WITH 
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is not correct to give proper excitation, a cross current 
will flow between the armatures of the machines operating 
in parallel. These cross-currents will vary widely and may, 
for improper field adjustments, amount to as much as full- 
load current. As these currents heat up the armatures, the 
capacity of the generators is decreased. 

As the cross-currents register on both ammeters of two 
machines operating in parallel and usually increase the 
readings, it is possible to check the setting of the field 
rheostats by checking these readings. If the sum of the 
ammeter readings can be lowered without affecting the vol- 
tage the cross-currents have been reduced. 

In Fig. 3 is shown the connection for two generators 
operating in parallel. In this case, if the two generators 
X and Y are receiving the same amount of power from 
each prime mover and the field rheostats are properly ad- 
justed, the ammeters A will all read the same. For a trial 
adjustment cut in X’s rheostat several notches and cut 
out Y’s the same amount so as not to change the voltage 
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of the system. If this reduces the sum of the main am- 
meter readings continue the adjustment until the result is 
aminimum. After this point is reached a further adjust- 
ment will increase the sum of the ammeter readings. If 
the first adjustment increased the readings, try cutting out 
resistance on X’s rheostat and cutting in on Y’s. 

It may be difficult to locate the exact points at which 
cross-current is a minimum as it may be possible to move 
the rheostats over a considerable range when near the cor- 
rect position without changing the ammeter readings. Such 
an adjustment is, however, close enough for all practical 
purposes. 

Where the generators are provided with power-factor 
meters, the adjustment of field strength may be made so 
that all of these meters read the same. 

Adjustment of load between units is a function of the 
characteristics. Machines of similar characteristics tend 
to divide the common load uniformly. This load division 
will, however, be disturbed if the speed-regulation char- 
acteristics of the governors are not the same. Sometimes 
it is feasible to run all machines except one, with their 
stop valves full open and their governors fixed so that the 
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remaining engine or turbine will take up any variations 
in the total load. 

One trouble sometimes encountered in parallel opera- 
tion of machines is in connection with “hunting.” An 
engine which is accelerating will have its steam supply cut 
down. If the governor is too sensitive it will over-govern, 
cutting down the steam and speed too far. An instant 
later over-governing will be in the opposite direction. This 
periodic variation with two or three engines causes cur- 
rent variation called surges. With present designs of 
engines and governors serious troubles with hunting are 
not likely to be experienced. 

Where difficulty is likely to be experienced in parallel- 
ing machines of widely varying characteristics, such as 
internal combustion engines paralleled with steam engines, 
the pole pieces are sometimes fitted with amortisseur or 
damper windings. These consist of a number of copper 
bars located in slots in the pole face and connected on 
the ends by continuous rings. Eddy currents are induced 
by the shifting and distortion of the field and these cur- 
rents react on the field to oppose the shifting and thus 
dampen the oscillations. 


Synchronous Rotary Converters 


PRINCIPLES OF RoTARY CONVERTERS. 
Mercury Arc AND Vacuum TuBE RECTIFIERS 


TOR GENERATORS. 


ROTARY CONVERTER is a machine used for con- 

verting alternating current to direct current and vice 
versa. It combines in one field structure and one armature 
the functions of both the alternating-current motor and 
the direct-current generator. Mechanically it is essen- 
tially a direct current generator to which has been added 
several slip rings through which the alternating current is 
supplied to or drawn from the machine. 

It is generally known that the current or e.m.f. present 
in the armature of a direct-current generator or motor is 
alternating. If, therefore, in addition to the usual com- 
mutator on a direct-current generator, collector rings are 
provided, these rings being connected to diametrically op- 
posite commutator bars, as shown in Fig. 1, an alternating 
e.m.f. will be available at these rings. This is the principle 
of the rotary converter. 

An armature having such connections could be used in 
a number of different ways. First of all, it could be driven 
as a generator supplying direct or alternating current or 
both simultaneously. Second, it could be made to run as a 
direct-current motor, While running under this condition, 
single-phase alternating current could be taken from the 
slip rings. Lastly, it could be made to run from the slip 
rings as a single-phase revolving armature synchronous 
motor, and could at the same time supply direct current 
through the commutator. Under this last condition, it 
would be operating as a single-phase rotary converter while 
under the one just previous it would be an “inverted” 
rotary converter. 

The machine described is a two-pole machine. In a 
multipolar machine, commutator bars having equal poten- 
tial would be connected to the rings, so that there would be 
for example, in an eight-pole generator, four connections to 
each ring. 

By using three or more slip rings connected to symme- 
trical points on the armature windings as referred to the 
poles, polyphase currents will be obtained, if the machine 
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is run from the d.c. end. On the other hand, if a polyphase 
power circuit be connected to the slip rings, the unit will 
run as a polyphase rotary and direct current may be taken 
from the commutator. 
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FIG. 1. SIMPLE DIAGRAM OF THE ROTARY CONVERTER 

A general scheme of connections for a two-phase con- 
verter supplying a 550-v. d.c. system, is shown in Fig. 2 
with all switches, instruments and starting equipment 
omitted. 


RATIO OF ELECTROMOTIVE FORCES 
The ratio between the d.c. and a.c. voltages in a rotary 
converter is fixed by the number of phases, and is not sub- 
ject to alteration. The following tabulation gives the 
relation : 
Voltage Ratio of d.c. to a.c. 
Single-phase .c. v. equals 72 auc. 
v. equals 72 a.c. 
. v. equals 62.3 a.c. 
6-phase (diametrical) 100 d.c. v. equals 72 auc. 
6-phase (double delta)....100 d.c. v 62.3 a.c. 


Voltage ratios in the above table hold true only at no 
load. At full load the direct current voltage would be 
reduced by armature drop, some 2 or 3 per cent. 
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StartTina Rotary CONVERTERS 

Rotary converters may be started in several different 
ways, first, from the direct-current end, as a direct-current 
motor; second, from the alternating-current side as an 
induction motor ; or third, by means of a special direct con- 
nected starting motor usually of the squirrel cage type. 

When a direct-current supply is available, the converter 
. may be started as a direct-current shunt motor by supply- 
ing direct current to the commutator side of the machine, 
the alternating-current main switch being open. This 
method is used in many installations and, where direct 
current from another source is available, is perhaps the 
most convenient of all methods of starting. 
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FIG. 2. SCHEME OF CONNECTIONS FOR A 2-PHASE CONVERTER 
WITIL ALL SWITCHES, INSTRUMENTS AND STARTING 
EQUIPMENT OMITTED 


In starting by this method, the fields should be fully 
excited by closing the field switch first. Furthermore there 
should be a resistance in the form of a rheostat or starting 
box in series with the armature when the motor switch is 
closed. Failure to excite the fields may cause the machine 
to increase its speed to a dangerous extent. If the con- 
verter is a compound wound unit, the series field circuit 
must be opened, otherwise the current flowing through it 
will magnetize the field poles in opposition to the shunt 
field windings and may prevent the machine from starting. 

In starting rotaries from the alternating-current end, 
polyphase current is supplied to the collector rings at a 
suitable voltage. The resulting torque developed by the 
armature will bring the machine up to speed in a few 
minutes. The proper voltage is usually obtained by using 
different taps on transformers in the manner shown in Fig. 
3 which represents complete connections for starting from 
the alternating-current end. 

It will be noted that a special switch is provided which 
is thrown first to the starting position and then, as the 
machine comes up to speed, is thrown to the running posi- 
tion. The starting taps furnish a low-voltage, heavy start- 
ing current necessary for the starting operation. 

When, starting in this manner, several precautions must 
be observed, foremost of which, perhaps, is the proper 
checking of the d.c. polarity before applying the d.c. load. 
After the machine has been brought up to speed, it may 
he noted that the polarity is wrong as shown by a reversed 
reading of the direct-current voltmeter. 

If this is the case, it must be corrected in the following 
manner: ‘'Throw-the field switch up. This connects the 
field directly across the armature and simultaneously re- 
verses it. The voltage will now drop to zero, at which 
point the field switch should be thrown down. This will 
ordinarily cause the voltage to build up “straight” but, if 
it does not, the starting switch should be opened long 
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enough for the rotary to slow down perceptibly and then 
be closed again. 


VOLTAGE CONTROL 


As the ratio between the direct and alternating voltages 
is fixed, special means are required for adjusting the direct- 
current voltage to meet circuit requirements, when fed 
from a constant-potential, alternating-current source. 
These méans in general consist of devices which raise or 
lower the ring voltage independently and may be divided 
into (a) reactors (b) feeder regulators and (c) boosters. 

A scheme of connections employing reactors is shown 
in Fig. 4. A converter considered from the a.c. end is 
essentially a synchronous motor and can, therefore, have 
its power factor varied by means of field adjustment. If 
the field be increased above normal, the current taken 
through the reactors will lead the voltage with the result 
that the rings will be subjected to a higher potential. This 
will result in higher d.c. pressure. If the field is weakened, 
the rotary will draw lagging current through the reactors 
and the ring voltage will be lowered with a corresponding 
lowering of the direct-current voltage. At unity power 
factor, the line voltage will be equal to the ring pressure. 
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FIG. 3. COMPLETE CONNECTIONS OF A ROTARY ARRANGED 
FOR STARTING FROM THE ALTERNATING CURRENT END 


Feeder regulators may be used to vary the voltage ap- 
plied to the converter rings. These are usually connected 
between the line and the high voltage side of the trans- 
formers. Considerable flexibility is obtained by this scheme 
but it complicates the operation to some extent and intro- 
duces additional apparatus. 

The booster method of voltage control is illustrated in 
Fig. 5. A booster is connected between the rings and the 
main rotary armature. The booster armature rotates 
within a field structure that is separate from the main field 
yoke, and which is magnetized independently of it. The 
current from the rings passes through the conductors of 
this portion of the machine. It will be seen that, if the 
fields Fb be left unexcited, the a.c. voltage will be im- 
pressed directly on the tap coils of the converter itself. 
If, however, the booster conductors cut flux, they will have 
generated in them a voltage which will either add to or 
subtract from the ring voltage. By manipulating the fields 
Fb, any desired terminal voltage within the limits of the 
machine is obtainable. 
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OPERATION OF RoTaRIES IN PARALLEL 


In the paralleling of rotaries, as in the case of other 
direct-current machines, the question of load division re- 
solves itself into a problem of the proper proportioning of 
their respective voltages at the point of paralleling. 

In the case of shunt wound rotary converters, it is 
entirely possible for the operator to control the load divi- 
sion at any time by either rheostatic or regulator manipu- 
lation. The amount of field regulation permissible, hew- 
ever, is limited by the effect on the power factor and the 
resultant heating. With such a machine it is, in general, 
possible with one rheostat setting to obtain a predetermined 
load division at any one point, but at all other loads adjust- 
ment will be necessary. 

If the characteristics of the converters differ greatly 
operation as above will be impractical. It is desirable, 
therefore, to obtain as nearly as possible the following volt- 
age conditions: The ring voltages should droop an equal 
amount for rotaries having the same capacity, and for 
machines of unequal rating an amount approximately 
inversely proportional to their size. The d.c. voltages, 
measured at the paralleling points should droop equal 
amounts for rotaries having the same capacity, and for ma- 
chines of unequal ratings an amount approximately in- 
versely proportional to their size. 

Connections for the parallel operation of compound 
wound rotary converters are exactly the same as for d.c. 
generators. An equalizer must be used to connect the 
armatures in parallel. As in the case of ordinary d.c. 
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FIG. 4, SCHEME OF CONNECTIONS FOR ROTARY EMPLOYING 
REACTORS 


compound-wound generators, the equalizer connection 
serves to maintain proper division of field current. 

. Compounding of any one generator or rotary in the sta- 
tion can be reduced and the voltage curve lowered, by intro- 
ducing a resistance into the series circuit of that machine. 
This causes a greater proportion of the current to flow 
through the shunts and will also cause the other machines 
to assume a greater proportion of the total current output. 


FREQUENCY CHANGERS 


Frequency changers are in general use for changing 
alternating currents of one frequency to one current of a 
different frequency. An ordinary wound rotor induction 
motor may be used as a frequency changer by merely pro- 
viding means for externally controlling the speed of its 
rotor. In order to make a commercial application of such 
a machine, however, it is necessary to have the rotor wound 
for a suitable and convenient voltage. 

While such a machine can be used as a frequency 
changer, it is seldom used except for the laboratory and 
other special applications. For commercial use frequency 
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changers consist of motor-generator sets, the generator 
being wound for the frequency desired, and the motor 
being either synchronous or induction as the circumstances ~ 
would require. It may be of interest, however, to explain 
briefly the principles involved in the induction motor type 
of frequency changer. 

If the rotor of a wound rotor motor having a three- 
phase primary and a three-phase secondary be locked so 
that it cannot rotate, the apparatus becomes essentially a 
three-phase transformer and current may be taken from 
the rings at the stator frequency. If on the other hand the 


rotor revolves at synchronous speed, the frequency across 
its rings would be zero as there would be no voltage gen- 
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FIG. 5. DIAGRAM SHOWING PRINCIPLE OF THE BOOSTER 
CONVERTER 


erated. If the rotor were compelled by external means to 
rotate at some intermediate speed the frequency of, the 
current taken from its rings would be between zero and 
full primary frequency. If the rotor were rotated in a 
direction opposite normal, the result would be an increase 
in frequency. 

It is apparent then that if we drive the rotor of an 
induction motor with a variable speed prime mover of 
some kind, or by a variable speed motor, a complete and 
unbroken chain of frequencies could be obtained, extend- 
ing from zero at one end, to a frequency determined by 
the mechanical limits of the machine at the other. 

In commercial practice, the synchronous frequency 
changer, consisting of a synchronous motor driving a suit- 
able a.c. generator is commonly used as this type has sev- 
eral advantages over the induction motor set. First of all 
the ratio between the frequencies is accurately obtained, 
which would not be the case with an induction motor due 
to its varying speed under various loads. Secondly, the 
synchronous motor can be used for power factor correction, 
while the induction motor would draw lagging currents 
from the line. 

Frequencies in common use in this country are 60 
cycles and 25 cycles. In order that a 25-cycle motor may 
drive a 60-cycle generator it is necessary to use a pole com- 
bination that will produce synchronous speed at both fre- 
quencies. The only practical one that can be used is one 
having 10 motor poles and 24 generator poles. This will 
run at 300 r.p.m. It would be possible to use a 20-pole 
motor and a 48-hole generator but the set so constructed 
would run at 150 r.p.m. which would be too expensive. 

In addition to the rotary converter, other means are 
available for changing alternating to direct current. These 



































FIG. 7. MERCURY ARC RECTIFIER TUBE 


are, the motor-generator, the mercury are rectifier and 
the vacuum tube rectifier. There are one or two other 
methods such as the rectifying commutator and various 
forms of chemical rectifiers but these are of small impor- 
tance and will merely be mentioned. 

Of those first mentioned the motor-generator set is to- 
day the most important. This consists merely of an alter- 
nating-current motor driving one or more direct-current 
generators. The motor may be of the induction type or it 
may be a synchronous motor. One advantage of the motor- 
generator set over the rotary converter is the absolute inde- 
pendence of the alternating and direct-current e.m.fs. In 
many cases, this feature will eliminate the use of trans- 
formers. 


Mercury Arc RECTIFIERS 
An entirely different form of rectifier from those pre- 
viously described, is the mercury arc rectifier. This con- 
sists of a closed glass bulb or tube provided with three elec- 
trodes, two anodes or positive electrodes in each of the 


FIG. 6. TYPICAL 8,000 Amp. 60 CYCLE BOOSTER CONVERTER 
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upper arms shown in Fig. 7 and a cathode or negative ter- 
minal of mercury at the bottom of the tube. At the bot- 
tom, at each side of the cathode, are two mercury starting 
anodes. 

The rectifying action depends on the properties of mer- 
cury in the presence of mercury vapor. Current can readily 
pass from the solid graphite electrodes to the mercury 
vapor but, if it is attempted to reverse the direction of 
current, a high resistance is developed at the surface of the 
mercury which prevents flow of current. 

Mercury vapor rectifiers are used largely in street-light- 
ing service where it is necessary to furnish high voltage 
direct current to a number of lamps in series. They are . 
also used extensively for charging storage batteries from 
alternating-current supply systems. 


Vacuum Tuse RECTIFIERS 

Vacuum tube rectifiers are a relatively new develop- 
ment and have come into extensive commercial use only for 
certain specialized purposes. The principle upon which 
this device depends for its operation is the fact that a 
highly evacuated space containing two metal electrodes, one 
of which is incandescent and the other cold, possesses a 
unilateral conductivity so that current passes through the 
tube only when the heated electrode is negative. The 
amount of current which can be rectified by such a device 
increases rapidly with the temperature of the heated elec- 
trode but remains constant as long as the temperature of 
the latter is maintained constant. 

At the present time these tubes in the form known as 
Kenotrons are used for rectifying extremely high voltages, 
10,000 and over. They have found satisfactory applica- 
tions in central stations on high-voltage, direct-current 
testing sets, and are used extensively in connection with 
radio transmitting sets. In the latter they are used to 
furnish high voltage direct current to the oscillator tubes. 
A 30-kw. rectifier unit complete with panel and trans- 
former is shown in Fig. 8. ° 

Low voltage rectifiers of this type are also available and 
are used largely for charging small storage batteries. 














RECTIFIER UNIT, SHOWING 6 KENTRON 
TUBES AT RIGHT 


FIG. 8. A 30 KW. 
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Transformer Practice 


THe ALTERNATING CURRENT TRANS- 
FORMER Is ONE oF THE Most ImporTANT 
Devices UsED IN THE EtexcrricaL IN- 
pustry Topay. IN tHe ARTICLES WHICH 
FoLtow, THE ELEMENTAL THEORY OF 
TRANSFORMER AcTION Is DiscussED AND 
THE Many ScHEMES oF CONNECTIONS 
Are DescrisBeD. CoNstrucTION DETAILS 
or MopErN TypEs oF TRANSFORMERS AND 
THE CooLINc ARRANGEMENTS PROVIDED 
Arr CONSIDERED 


+ pono the years since 1831 when Faraday and Henry 
announced their discovery of electromagnetic induc- 
tion and since 1882, when Gaulard and Gibbs patented a 
system for the commercial operation of incandescent lamps 
from transformers, the development and application of 
transformers has been an amazing phase of electrical prog- 
ress. Little did Faraday and Henry realize that their 
simple experiments with the induction coil would lead to 
application of the same principles, to transformers from 
vest-pocket size to those as big as a boxcar and in vol- 
tage ranges from zero to millions and in current capac- 
ities up to thousands of amperes. 

In its fundamental principles, the transformer is a 
simple device but its development in a commercial way has 
been fraught with many pitfalls. The theory is just as 
complex as the investigator may desire to make it and 
includes practically the entire gamut of transient phe- 
nomena. Like all studies, however, the beginning must be 
elemental so it will be necessary first to consider the simple 
theory and then in articles which follow, it will be shown 
how these fundamentals have been developed and applied 
to commercial practice. 


REVERSAL OF Fiux Inpuczs E. M. F. 


As was shown in previous articles, the alternator is a 
machine in which an alternating electromotive force is 
produced by the cutting of a permanently established mag- 
netic flux by wires, on account of the motion of the flux 
relative to the wires. In the transformer, on the other 
hand, an alternating electromotive force is produced in a 
stationary coil of wire (secondary) by reversals of mag- 
netic flux through a stationary iron core, these reversals 
of flux being produced by alternating current supplied to 
the primary coil of the transformer. 

Fundamentally the transformer consists of two separate 
and distinct coils of wire insulated from each other and 
wound upon one laminated iron core. In practice one of 
the coils receives alternating current from a high or low 
voltage source of supply and the other coil delivers alter- 
nating current to a receiving system at a low or high vol- 
tage. When the transformer receives alternating current 


at high voltage and delivers it at low voltage it is called 
a step-down transformer and one delivering at high voltage 
from a low voltage supply is called a step-up transformer. 
The accompanying illustration shows the elementary trans- 
former. 

When the secondary of a transformer is on open circuit, 
it can deliver no current and the transformer is said to be 
operating at zero load. Under these conditions only a 
small amount of alternating current flows through the 
primary coil. This current causes repeated reversals of 
magnetic flux through the iron core, which induce electro- 
motive forces in both coils. The electromotive force thus 
induced in the primary coil is opposite in direction and 
nearly equal to the electromotive force applied to the 
primary coil. Only the difference between the applied 
electromotive force and the opposing induced electromotive 
force is available for producing current through the pri- 
mary coil and, since this difference is small, the primary 
current is small at zero load; it is called the no-load cur- 
rent of the transformer. 

Whether the secondary coil of a transformer is deliver- 
ing current or not, the reversals of magnetic flux in the 
transformer core always induce an alternating electromo- 
tive force in the coil. When alternating current is taken 
from the secondary of .a transformer, the transformer is 
said to be loaded. The action of this secondary current, 
as it flows through the secondary coil, is to oppose the 
magnetizing action of the slight current already flowing 
in the primary coil, thus decreasing the maximum value 
reached by the alternating magnetic flux in the core and 
thereby decreasing the induced electromotive forces in both 
coils. The amount of this decrease, however, is small, inas- 
much as a small decrease of the induced electromotive force 
in the primary coil greatly increases the difference between 
electromotive force applied to the primary coil and the 
opposing electromotive force induced in the primary coil, 
so that the primary current is greatly increased. In fact, 
the increase of primary current due to the loading of the 
transformer is just great enough to balance the opposing 
magnetizing action of the current in the secondary coil; 
that is, the flux in the core must be maintained approx- 
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imately constant by the primary current whatever value the 
secondary current may have. 

In an ideal transformer the action would be quite 
simple. In such a transformer the coils of wire would 
have zero resistance, there would be no magnetic leakage 
as all of the magnetic flux which links one coil would also 
link with the other coil and the magnetic reluctance of the 
iron core would be zero. Unfortunately the ideal exists 
only in theory so the actual transformer has resistance, 
flux leakage and a certain magnetomotive force (ampere 
turns) is necessary to force the flux through the trans- 
former core. All of these factors cause losses which tend 
to reduce the efficiency of transformation. Even so, the 
transformer is highly efficient, the efficiency in large units 
being around 98 per cent. 

LossEs IN TRANSFORMERS 

Losses in transformer are divided into two classes, iron 

losses and copper losses. The copper loss is the energy 
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loss in the copper when the transformer is loaded. It may 
be considered as being composed of two parts: First, the 
loss which is the product of the square of the current 
flowing in the windings and the resistance of the windings 
(I?R) ; second, the eddy-current loss in the conductors due 
to the leakage magnetic flux passing through the conduc- 
tors of the windings. The I*R loss is a simple matter of 
of calculation when the resistance of the windings and the 
current values are known. It is usual to specify the I?R 
copper loss of a transformer at normal rated load and at 
some definite temperature. The current used in calculat- 
ing this loss is the watt rating of the transformer divided 
by the voltage of the particular winding involved. 

It is often useful to think of the resistance of a trans- 
former as being all in the high-voltage or all in the low- 
voltage winding. In this case, the value is called the 
equivalent resistance and is defined as the quantity which, 
when -multiplied by the square of the current in, say, the 
high voltage winding, will give the total I?R loss in the 
transformer. 

If R,, and R, are the resistances of the high and low 
voltage windings respectively then the equivalent resistance 
would be 

R= R, + r? R, 
where r is the ratio of the high voltage to the low voltage. 

If a 2200 to 220-v. transformer has a primary resist- 
ance of 0.43 ohms and a secondary resistance of 0.0055 
ohms then : 

R = 0.43 + 10? & 0.0055 = 0.98 ohms. 
If this transformer has a rating of 50 kw. the total 
copper loss would be 
(50,000)? 
(——-) X 0.98 = 505 watts. 
( 2200 ) 
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Ordinarily the eddy current loss in the copper may be 
neglected. For the designer of transformers it is more 
important and must be considered. In the case of trans- 
formers with high-capacity, low-voltage secondaries such 
as are used for supplying power to electric furnace, the 
study of eddy current losses is more important than in 
ordinary power transformers. Eddy current copper losses 
in the previous example of the 50-kw. transformer would 
probably not amount to more than 20 watts. 

Iron loss in a transformer is the energy required to 
magnetize the iron circuit. It is continuous as long as the. 
transformer is connected to the line and is practically in- 
dependent of the load on the transformer. The loss is, 
however, slightly reduced under load conditions, because a 
small part of the impressed voltage is absorbed in over- 
coming the impedance of the primary winding. 

As in the case of the copper losses, iron losses are 
divided into two classes, eddy current and hysteresis losses. 
Eddy current losses are due to currents generated by the 
alternating flux circulating within each lamination com- 
posing the core and they are minimized by using thin 
laminations and by insulating adjacent laminations with 
non-conducting coating. Hysteresis losses are due to the 
power required to reverse the magnetism of the iron core at 
each alternation and are determined by the amount and 
the grade of iron used for the laminations for the core. 

As with any other device, transformér efficiency is the 
ratio of the output to input or, in other words, the ratio 


EFFICIENCY AND REGULATION OF TYPICAL 2200 
TO 220-110-V. DISTRIBUTING TRANSFORMERS 
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of the output to the output plus the copper and iron losses. 
The accompanying tabulation shows about average values 
of efficiency for 2200 to 220-110-v., 60-cycle distributing 
transformers. This tabulation also shows the regulation 
of transformers. 
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REGULATION OF TRANSFORMERS 


As the load on a transformer increases, the secondary 
voltage falls off and it rises as the load decreases. The 
rise of secondary terminal voltage from rated non-induc- 
tive load to no load, expressed in percent of the secondary 
terminal voltage at rated load, is called the regulation of 
a transformer. If, for instance, the secondary terminal 
voltage of a transformer was 200 v. at rated non-inductive 
load and when the load was reduced to zero this terminal 
voltage rose to 203 v., the regulation would be 1.5 per 
cent. Regulation varies with power factor as will be noted 
from the tabulation. 

Although transformers are built along rugged lines and 
will stand a great deal of abuse in the way of overload, 
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there is, nevertheless, a definite guaranteed rating for each 
transformer. This rating is entirely a matter of heating 
and according to the standards of the American Institute 
of Electrical Engineers the limiting observable tempera- 
ture rise must not be over 55 deg. C. from a standard am- 
bient temperature of 40 deg. C. This applies to air-cooled, 
air-blast, oil-cooled and water-cooled transformers. 

Sometimes it is necessary to use transformers under 
service conditions for which they are not designed. It is 
well to know, in a general way, what the effect will be on 
the transformer, if it is used with voltages or frequencies 
differing materially from those for which it was designed. 
If the primary voltage is higher, the core flux will be in- 
creased and the core losses will be increased. If, on the 
other hand, the frequency is less than the rated frequency 
the core flux will be increased and the hysteresis loss in the 
core will be increased. 

Increase of core loss due to increase of primary applied 
voltage or to decrease of frequency, or both, may be com- 
pensated for by reducing the allowable current output, 
thereby reducing the copper loss in order that the total 
heating of the transformer may not exceed the normal 
amount. 


Types of Transformers 
CLASSIFICATIONS ACCORDING TO MECHAN- 
ICAL CONSTRUCTION AND THEIR USES 


HEN classified according to their mechanical con- 
struction, transformers are divided into two types, 
known as the shell type and the core type. In the shell 
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FIG. 1. THE RELATIVE POSITION OF THE WINDINGS AND 
THE CORE DETERMINES WHETHER THE TRANSFORMER 
IS OF THE SHELL OR CORE TYPE 





type the magnetic circuit surrounds the current circuits 
like a shell, while in the core type the iron or magnetic 
circuit forms a core about which are placed the copper 
coils carrying the currents. It will thus be seen that inter- 
changing the locations of the magnetic and current cir- 
cuits changes the type from one to the other. 

Designers, of course, resort to changes in forms and 
dimensions of the magnetic and current circuits in order 
to secure the greatest economy in construction and the 
most satisfactory operating performance. A cross section 
of the iron in a core type transformer is not round but in 
small sizes it is square or rectangular and takes’a cruci- 
form shape in the larger sizes particularly when high volt- 
ages are used, because the circular coil is much more easily 
insulated than one having sharp bends. 

By dividing the enclosing circuit into four instead of 
two sections, the designer can save material and, when this 
is done, the modified forms are known as the distributed 
shell or distributed core type. 

Choice of the type of transformer to employ depends 
entirely upon the service requirements, the designer having 
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fairly well defined limits for the proper range of capacity, 
voltage and frequency for which each type is adapted. On 
the basis of cost, the small, high-voltage transformer should 
be of the core type and the large, low-voltage transformer 
would take the shell form. 

According to their uses in the power plant, trans- 
formers are classified as constant voltage ratio, constant 
current, instrument, auto-transformer and feeder voltage 
regulator. Constant ratio transformers are those em- 
ployed for changing the voltage by a constant ratio from 
low to high or vice-versa. At the generating station, the 
voltage of the generator circuit is boosted by transformers 
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FIG. 2. IN THE DISTRIBUTED TYPES THE ELEMENTS OF A 
TRANSFORMER ARE SUBDIVIDED AND REARRANGED 


to that desired for the transmission line and at the end of 
the line the voltage is reduced in a transformer substation 
to the voltage of the distribution line. The transformers 
used for such purpose do not have a variable ratio of trans- 
formation but operate at the voltage maintained on the 
generator or the line. 

Some circuits require a constant current, notably series 
street lighting circuits; to supply these circuits from a 
constant voltage line requires a transformer which auto- 
matically varies the secondary voltage so as to maintain 
a constant current in the secondary circuit. Such a trans- 
former is known as a constant-current transformer and is 
so constructed that one set of coils is movable with respect 
to the other, thus varying the ratio of transformation in 
accordance with the voltage required to maintain constant 
secondary current. One common type of constant-current 
transformer consists of a laminated iron structure or 
framework carrying one or more stationary coils, the pri- 
maries, and one or more movable secondary coils which 
are nearly balanced against gravity by a counterweight. 
Sudden oscillations of the movable coil are prevented by 
a dashpot. 

When the load is constant, that is, when the external 
resistance of the circuit remains unchanged, the movable 
coil assumes a definite position such that the voltage of 
the secondary coil is sufficient to maintain a given current 
through the circuit. Should, however, the resistance 
through the secondary circuit decrease, there will be a 
momentary increase in the secondary current which im- 
mediately causes a greater repulsion between the primary 
and secondary coils resulting in a further separation of 
the coils, greater magnetic leakage and a reduction in 
secondary voltage to the point where the required current 
value is again established. An increase in the external 
resistance has the opposite effect. 

Instrument transformers have been devised for use with 
alternating current for two purposes: first, to permit 
greater convenience in the measurement of current and 
voltage and, second, to reduce the voltage on meters and 
control equipment to a value that will not be dangerous 
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to attendants. In general principle, these transformers 
have the same action as power transformers, great care, 
however, is taken in their design to secure as nearly as 
possible an unvarying ratio throughout the entire range 
of current and voltage in the primary circuit. 

Two general types of instrument transformers are 
employed ; these are known as current and potential trans- 
formers and differ in construction principally in the 
method of winding and insulation. The core is built up 
of laminated iron usually in the form of a hollow square 
with one or more of the sides surrounded by coils. Cur- 
rent transformers have their primary coils connected in 
series with the load. These coils, therefore, carry the whole 
current of the circuit and are wound of heavy wire, cable 
or strap copper, only a few turns usually being employed. 
The voltage impressed on the transformer is the drop 
between the terminals of the coil. The secondary coil is 
made up of many turns, thus giving a current through it 
which is only a fraction of that in the primary coil. The 
open voltage would naturally be extremely high but the 
terminals should always be kept connected through an 
ammeter or short circuited to prevent a rise in voltage 
which is likely to break down the insulation. 

Potential transformers are designed for use with volt- 
meters to reduce the high potential of a generator or line 
to a value suitable and safe for measurement. In such a 
transformer, the primary coil is connected across the line, 
as for voltage measurement, and consists of many turns 
of high resistance, thus permitting only a small current 
to flow. The secondary coil has but a fraction of the 
number of turns used in the primary, thus giving a ter- 
minal voltage which is suitable for measurement by an 
ordinary voltmeter. The terminals of the secondary coil 
of a potential transformer should not be: short circuited 
as the current which would result would destroy the coil. 

Auto transformers are used principally for cutting 
down the voltage of the line to a motor during the starting 
process. The general construction differs little from a power 
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transformer except that the winding consists of a single 
coil with taps taken off at intervals. These taps lead to 
contact points in a starting box so that, by shifting a 
control lever, the voltage to the motor is increased step 
by step until the full line voltage is reached and the motor 
is up to speed. 

On some feeder circuits the load varies greatly, result- 
ing in a drop in voltage which disturbs the operation of 


electrical equipment depending upon that line for current. 


This condition has brought forth the design of the feeder 
voltage regulator which is essentially a specially con- 
structed transformer having moving coils that maintain 
constant voltage on the secondary circuit regardless of the 
load it may be carrying. 

In this transformer, the high-voltage winding is con- 
nected across the line as with an ordinary transformer but 
is so constructed that it can be rotated on an axis. The 
secondary or low-voltage winding is stationary and is con- 
nected in series with the line so that the entire current 
flows through it. By rotating the primary, the voltage of 
the line is raised or lowered depending upon the direction 
of rotation. The position of the coil is usually controlled 
by a motor through a contact-making relay which moves 
the coil in the direction needed to give the required voltage. 


Ratio of Transformation 


NUMBER OF TURNS, AUTO-TRANSFORMERS, 
PHASE RELATIONS, PHASE TRANSFORMATION 


N AN IDEAL transformer the electromotive forces are 
in the ratio of the number of turns in the respective 
coils. In other words, the ratio of the impressed e.m.f. in 
the primary to the induced e.m.f. in the secondary is equal 
to the ratio of the number of turns of wire in the two 
windings. This ratio of pressures is called the ratio of 
transformation. 

We have stated that these relations hold true in an 
ideal transformer. The term ideal is used because in an 
actual transformer, these relations hold nearly but not 
exactly. A well-designed commercial transformer operat- 
ing on moderate load does approximate quite closely the 
ideal transformer in its action but for some purposes it is 
necessary to consider the effects of eddy currents, magnetic 
leakage and hysteresis, all of which cause the operation of 
the actual transformer to deviate somewhat from the ideal. 


FIG. 5. POTENTIAL TRANSFORMERS 
PROTECT VOLTMETERS FROM THE 
HIGH VOLTAGE OF THE LINE 
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FIG. 1. DIAGRAM SHOWING CURRENT AND E.M.F. VALUES IN 
TRANSFORMER AND IN THE AUTO-TRANSFORMER 
OPERATING UNDER SIMILAR CONDITIONS 


For most practical purposes, however, we can consider the 
ratio of transformation to be equal to n, + n,, where n, 
and n, are the number of turns of wire in the primary and 
secondary coils respectively. 


AutTo-TRANSFORMERS 


An auto-transformer has a single continuous winding 
which is used for both the impressed and one or more out- 
put voltages. No attempt is made to separate the supply 
circuit from the output circuit and in portions of the 
winding both input and output currents flow. The arrange- 
ment is used to change the voltage, stepping either up or 
down in the same manner as in an ordinary transformer. 

Another difference between auto transformers and ordi- 
nary transformers is that in the ordinary transformer the 
power transformed is the same as the power output while 
in the auto-transformer the power transformed is always 
less than the output. Herein lies the economy in the use 
of auto transformers. In the case of the ordinary trans- 
former for a given voltage, the size of the unit varies 
directly as the power consumed. If it is possible, there- 
fore, to obtain a given output without transforming all the 
power, a saving results in the cost of the unit. 

In Fig. 1 are shown an ordinary transformer at (a) 
and an auto-transformer at (b) both connected to the same 
source of power. Both are connected to non-inductive loads 
E, I, of the same value. In both cases, the potential on 
the line side is higher than on the load side but the cur- 
rent is proportionally lower on the line side, so that the 
input is the same as the output. In this we assume that 
there are no losses. 

In Fig. 1a it will be noted, the primary current I, flows 
in the opposite direction from the secondary current I,. 
The secondary winding, carrying low-voltage, has fewer 
turns than the primary winding. 

If now, instead of having two separate windings we use 
a part of the primary winding for the secondary as in Fig. 
1b, the primary and secondary currents will both flow in 
that part of the winding between the points a and b. Inas- 
much as these currents tend to flow in opposite directions, 
the actual current flowing between points a and b will be 
equal to the difference between the two currents. Further- 
more, I, being the larger, the direction of the resultant 
I, — I, will be in the direction of I,. It is to be noted 
that, in the case of the auto-transformer, although the same 
amount of power is furnished to the load, the current 
which actually flows in the winding is less than in the case 
of the regular transformer. Less copper is necessary, there- 
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FIGS. 2-5. SHOWING PRINCIPLES OF PHASE TRANSFOR- 
MATION 






fore, in the case of the auto-transformer and less iron is 
needed to surround the copper. 


PHASE TRANSFORMATION 


Transformers may be used to effect a transformation of 
phases as well as transformation of voltage. Three-phase 
currents, for instance, may be converted into two-phase or 
vice-versa, three- or two-phase into four- or six-phase, in 
fact into any desired phase except single-phase. It is prac- 
tically impossible to transform polyphase current into 
single-phase by means of transformers with balanced con- 
ditions. Various schemes have been proposed and inves- 
tigated, but none of these combinations gives better results 
than can be obtained by simply using a single-phase trans- 
former across one phase. The reason for this is that single- 
phase power changes from a maximum to zero and back 
to maximum every half cycle, while polyphase power is 
delivered at a constant rate. Therefore, any system capable 
of transforming from balanced polyphase current to single- 
phase current must be capable of storing energy during 
the interval of time when the power delivered to the single- 
phase side is less than the power received from the three- 
phase side. The static transformer is incapable of fulfill- 
ing this requirement. 

To show the principles involved in the process of phase 
transformation, suppose it is desired to produce an e.m.f. 
e having the phase relations shown in Fig. 2. This e.m.f. 
can be regarded as being made up of the two components 
OC and OD at right angles to each other. 

In Fig. 3, A and B are the primaries of two transformers 
connected to a two-phase system. The e.m.f. e, and e, in- 
duced in their secondaries will therefore differ in phase by 
90 deg. and e, and e, can be made any desired value by 
suitably proportioning the windings. If the two second- 
aries are connected in series, the e.m.f. between the lines 
will be the vector sum of e, and e,, as shown in Fig. 2. 
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COLLECTOR RINGS 
FIG. 7. CONNECTION USED TO CONVERT 2-PHASE CURRENT 
INTO 6 PHASE FOR ROTARY CONVERTER OPERATION 


If the connections of one secondary should be reversed 
as in Fig. 4, the direction of e, would be reversed as shown 
in Fig. 5. The resultant voltage e in this case would be 
reversed with respect to its position in Fig. 2. In this 
manner, then, we can obtain a single-phase current of any 
desired phase relation, from two currents differing in phase 
by 90 deg. 
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Tue Scorr CoNNECTION 


The Scott transformer shown in Fig. 6, is one of the 
most usual methods of obtaining two-phase currents from 
three-phase or vice-versa. A and B are the primary coils 
connected to the two-phase system as before. The second- 
ary of A is provided with a winding such that its voltage 
e will be the required voltage of the three-phase system. 
The secondary of B has 3-2 or 0.87 times as many 
turns as the secondary of B so that the voltage generated 
in it is 0.87 e. One end of the coil d e is connected to the 
middle point b of the coil ac as shown. With this arrange- 
ment of windings and connections, three currents, differ- 
ing in phase by 120 deg., will be delivered to lines 1, 2 and 
3 when the primaries are supplied with two currents differ- 
ing in phase by 90 deg. 

There are a number of different combinations of trans- 
former connections which may be used to obtain a number 
of different phase currents. In Fig. 7 are shown the con- 
nections used with a rotary converter for obtaining six- 
phase current from a two-phase supply line. 


Systems of Transformer Connections 


SINGLE-PHASE SYSTEMS, PARALLEL OPERATION,’ POLYPHASE CONNEC- 


TIONS, VOLTAGE D1aGRAMS, PHASE TRANSFORMATION. 


le CONSIDERING the subject of transformer connec- 


tions we are concerned mainly with a discussion of 


individual units, their proper connection into groups, and 
finally the matter of selecting from several possible arrange- 
ments that which is best adapted to the conditions to be 
met. 

SINGLE-PHASE TRANSFORMATION 

Because this is the simplest it will be discussed first. 
Fig. 1 shows in an elementary manner a transformer appli- 
cation, and establishes the nomenclature which will be 
adhered to throughout this article. The winding marked 
“high” is taken to mean the one which has the greater 
number of turns, this being in accordance with the A. I. 
E. KE. rules. The high winding or side has its terminals 
marked H-1 and H-2, the low side being correspondingly 
marked X-1 and X-2, 

For use in distribution systems having the third or 
neutral wire, the unit as in Fig. 1 is modified by having 
the low winding divided into halves, designated in Fig. 2 
as X-1, A and X-2, B. Figure 2 shows the halves in 
parallel giving a voltage half of that in Fig. 3 where they 
are in series. The latter is the ordinary three-wire system 
in almost universal use. Figure 4 shows the approximate 
external arrangement of the low side leads—series or 
parallel connections being obtained as indicated. 

Because of the common practice on the part of central 
stations of building systems arranged for future operation 
at double voltage, requiring transformers with series-paral- 
lel arrangement of the coils on the high side, units such 
as shown in Fig. 5 are quite usual. This scheme does not 
differ from that of Figs. 2 and 3 except that the connec- 
tions are made on a terminal board inside of the tank. 

In addition to the two-section windings on the high or 
low sides, many other combinations are built, as for ex- 
ample those shown in Figs. 6 and 7. 

In order to compensate for changes in voltage brought 
about by line drop it has become customary to provide so 
called “percentage taps” in the transformer windings on 
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either the high or the low side, and sometimes on both. 
Figure 8 shows diagrammatically how this is done. These 
taps are rated in percent of the total winding and a unit 
so arranged is said to have “two five-per cent taps” or 
“four two and one-half per cent taps” or other values as 
the case may be. T-1 and T-2 in Fig. 8 are 5 per cent 
taps and, if the winding were for 2300 v., the resulting tap 
voltages would be 2185 and 2070. If the transformer were 
so designed that it could carry full rated load on the taps, 
they would have the name “full capacity” (F. C.) while if 
it could not so operate the designation would be “reduced 
capacity” (R. C.). 

If the winding were in halves, and also had to have taps, 
these would have to be equally placed on both sections in 
order that parallel operation might be possible. Figure 9 
shows a winding of this kind, having four 214 per cent 
taps when in series, this being, of course, equivalent to two 
5 per cent taps when in parallel. Figure 10 shows a more 
complicated arrangement. 

There is no fixed rule as to the location of the tap ter- 
minals so, in the absence of a connection diagram, tests 
must be made to determine the proper arrangement. 


PARALLEL OPERATION OF SINGLE-PHASE TRANSFORMERS 

To provide for increased loads, or to utilize apparatus 
on hand, transformers are often connected in parallel as 
shown in Fig. 12, thus obtaining a total group capacity 
equal to the sum of the component units. In order, how- 
ever, that this connection may operate at its greatest capac- 
ity it is essential that the load divide between them in pro- 
portion to their ratings. If this is not the case, one of the 
units will reach its full load while the other one is only 
partially loaded and so will limit the group rating to a 
value less than the sum of the individual ratings. 

In order that the load may divide properly, the ratio of 
transformation must be the same, also the percentage of 
impedance. If these two conditions are met, there will be 
no circulating current for the terminal voltages will at all 
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times be equal. It is commercially impossible to make two 
units identical but it has been found that a tolerance of 
several per cent will not seriously affect the operating 
results. 

In connecting a pair of transformers as in Fig. 12, 
assuming that the ratio of transformation and percent of 
impedance is the same, the only point to be considered is 
that of polarity. Without going into this subject in detail 
it should be quite apparent that, if.the primaries be con- 
nected to the lines with the same terminal arrangement, it 
would be possible to join the secondaries either “in phase” 
or, by reversing them, “in opposition.” The latter would 
be a dead short circuit and would result in a blown fuse or 
a burned-out unit. 

Unfortunately there is not complete standardization as 
to the arrangement of the terminals on the outside of the 
tank, and it is, therefore, impossible to tell by mere inspec- 
tion which leads correspond. There can be only two pos- 
sible combinations and these are designated as “additive 
polarity” and “subtractive polarity’—terms which apply 
solely to the arrangement of the external leads and have no 
real meaning otherwise. 

Figure 12 shows units of similar polarity in parallel, 
and would be the same for either polarity. If, however, 
one of the transformers had additive and the other subtrac- 
tive polarity, the connection would have to be as in Fig. 13. 
To determine which one applies to any given unit, it is 
_ necessary, in the absence of nameplate information, to 
make determining tests. 

Figure 14 shows the well-known method of testing 
polarity. The primaries and secondaries are in series, and 
a voltmeter connected, either as shown or in combination 
with an instrument transformer. If the reading so ob- 
tained is less than the voltage across the high winding 
alone, the polarity is subtractive, while if it is more the 
polarity is additive. After having tested out a given trans- 
former, it is well to mark on the nameplate or on the tank 
itself the result, so that on future installations involving 
the same apparatus, the measurements need not be repeated. 

If the units be of small capacity, and a voltmeter is not 
available, a connection as in Fig. 15 may be used, in which 
the final secondary connection is made through a small 
fuse. If the polarity is wrong the fuse will blow without 
doing any damage. 


Two-PHASE TRANSFORMATION 

On two-phase circuits the connections are essentially 
the same as on the single-phase circuits just discussed, the 
90-deg. displacement between the two circuits having, gen- 
erally speaking, no effect. Ordinary single-phase units are 
used, and the arrangement on each pair of wires is the same 
as if it alone were used. This is shown in Fig. 16. 

If parallel operation is necessary, the rules already 
given apply, the result being a connection as in Fig. 17. 
Each pair of units must have the same ratio of transfor- 
mation, and should have very nearly similar operating 
characteristics in order to secure a satisfactory division of 
load. If the units are designed with several coils that may 
be in parallel or in series, and if taps are brought out on 
either the high or the low side, care must be taken that the 
connections in both transformers are similar as to the ratio 
obtained. 

It is possible to eliminate one wire in the secondary of 
a two-phase system by making a connection as in Fig. 18. 
In this scheme the voltage between the outside wires is 1.41 
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times that between either of them and the middle conduc- 
tor. Under the same conditions the middle lead will carry 
1.41 times the current in either outside conductor, assum- 
ing that the loads are balanced. ; 

If the arrangement in Fig. 16 results in a low voltage 
that is too high for lighting, say 200 volts, an extra con- 
nection as in Fig. 19 may be made, and so obtain a set of 
potentials as indicated. 


THREE-PHASE TRANSFORMATION WiTH DeE.ta-DELTA 
CoNNECTION 

Figure 20 shows a method of three-phase transforma- 
tion using single-phase units connected in what is called 
“delta.” In this figure, A represents the actual way the 
connection would be made to the lines, B shows the same 
connection simplified, while C is the vector diagram. The 
individual windings do not carry the entire line current, as 
this divides into two parallel paths as shown. With bal- 
anced loads, each transformer carries only 1/1.73 of the 
line current. The line voltage is impressed directly across 
each unit so that line voltage equals transformer voltage. 
The markings on the vector diagram in Fig. 20 C give some 
actual values that may be used as guides in interpreting 
the relations given above. 

In order to avoid circulating currents through the 
closed delta, it is important that the component units have 
the same ratios. Furthermore, as in the case of single- 
phase operation, correct division of load can be obtained 
only if the characteristics are properly related. 

In connecting transformers in delta, their polarity must 
first be determined. If this is the same for all three units, 
the connection must be so made, as to produce a “start to 
finish” arrangement around the triangle of connections as 
in Fig. 21. That is to say, the right-hand lead of unit No. 
1 goes to the left-hand lead of unit No. 2, the right-hand 
lead of unit No. 2 to the left-hand lead of unit No. 3, and 
finally the delta is closed by connecting the right-hand lead 
of No. 3 to the left-hand lead of No. 1. In planning these 
connections, a sketch using arrows as shown will avoid con- 
fusion. The secondary connections must be made in exactly 
the same manner. 

If one of the transformers to be connected in delta has 
odd polarity, the primary connections will be made as be- 
fore, but the secondary of this unit will be reversed. This 
is shown in Fig. 22 where the middle unit has a polarity 
differing from that of the other two. The same result 
would be obtained by crossing the primary leads and leav- 
ing the other side unchanged. 

At times, it is desirable to obtain two secondary voltages 
from the same bank of transformers and to do this a: con- 
nection as in Fig. 23 may be made. A very similar con- 
nection would be used to obtain half voltage on the primary 
side. 


Srar-StaR CONNECTION 

Figure 24 shows what is commonly called a Y-Y con- 
nection. In this case the line current is the same as that 
in each unit, but the line voltage under balanced conditions 
is equal to 1.73 times that across each transformer. In 
the figure some values are given to illustrate these relations. 
In actual service, however, it is practically impossible to 
maintain balanced secondary voltages with this connection, 
even though the loads imposed are equal. With unbalanced 
loads this “shifting of the neutral,” as it is called, becomes 
very serious and may, in some cases, result in a reversal of 
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voltage on one of the phases. Core-type, three-phase units 
are somewhat better for this Y-Y connection but, in gen- 
eral, satisfactory service can not be looked for. 

If the neutral of the transformer bank be tied to the 
neutral of a Y connected generator as in Fig. 25, this dif- 
ficulty is largely overcome as the generator windings will 
tend to stabilize the neutral. 

In three-phase units a third or “tertiary winding” con- 
nected in delta is sometimes used to stabilize the neutral, as 
shown in Fig. 26. These third windings may be used to 
supply loads also and transformers of this type have proved 
to be convenient under many conditions. 


Strar-DELtTA CONNECTION 


Figure 27 shows a Y-delta connection. The values of 
the currents and voltages correspond to those given in the 
delta-delta arrangement as applied to the delta side, and to 
those for the Y-Y arrangement of the Y side. The figure 
gives a set of values to illustrate this point. There is no 
shifting of the neutral as in the Y-Y connection. 


The increasing adoption of the so-called “four-wire,: 


three-phase system” has made the Y-delta connection com- 
mon. Three standard 2300-v. primary transformers are 
connected in Y on the primary across 4000-v. feeders, the 
secondary being delta connected to obtain the desired ratio. 
Single-phase loads are taken care of by connecting one 
unit between one-phase lead and the neutral. Figure 28 
shows such a system. It will be noted that the neutral of 
the transformer bank is not connected in the three-phase 
delta secondary settings. This is due to the fact that, if 
this were done, a circulating current between these units 
and the balance of the system would impose extra burdens 
and result in overheating. 

On the other hand the three-phase Y secondary setting 
has the neutral connected in order to stablize the voltage 
conditions as already discussed. 


T-T CoNNECTION 


A T-T bank, shown in Fig. 29, has only 86.6 per cent of 
the capacity of the component units. . 


Open DELTA CoNNECTION 

The open delta or V-V connection is very common, and 
employs two transformers arranged as in Fig. 30. In this 
case the line voltages and currents equal the transformer 
voltages and currents, and the capacity of the setting equals 
86.6 per cent of the single-phase ratings. . This corresponds 
to the capacity of the T-T connection already mentioned. 
If a V-V setting isto have the same capacity as a given 
three-transformer group, each of the component units must 
have 1.15 times the rating of those in the latter. 

If one of the transformers which compose a delta-delta 
setting is damaged, it can be removed from the circuit, and 
the bank continue to operate as V-V. Similarly in delta- 
delta, three-phase units one of the windings may be cut 


out under emergency conditions but the following rules 


must be observed : 

a. In shell type units the damaged winding must be 
disconnected from the other phases, and short-circuited 
upon itself. 

b. In core type units the damaged winding must be dis- 
connected from the other phases, and open-circuited. From 
this it follows that it must be able to stand normal voltage 
without shorting, a condition which is unusual in a burned- 
out transformer. 
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PARALLEL OPERATION OF TRANSFORMERS ON ‘l'HREE- 
PHASE SYSTEMS 

In order that two polyphase transformers, or two groups 
of single-phase transformers connected for three-phase 
service may operate in parallel, it is necessary that the fol- 
lowing requirements be complied with: 

a. The ratio of transformation must be the same. This 
means that the proper taps must be connected to the ter- 
minals. 

b. Units must have ohmic impedances inversely propor- 
tional to their ratings. One case of this is, that units of 
equal capacities must have similar characteristics. 

c. Polarities must be the same, or equivalent polarities 
must be obtained by crossing the leads. 

d. Phase rotation must be the same for both banks. A 
motor connected to corresponding leads of the two groups 
must rotate in the same direction. 

e. The angular displacement between the primary and 
secondary of each bank must be the same; in other words, 
when the primaries are in phase, (as they would be con- 
nected to the same lines), the secondaries must also be in 
phase. 

The requirements above are exactly analogous to those 
to be met in paralleling generators. The latter must have 
the same voltage, the same polarity, the same phase rota- 
tion, and must be in step. 

If a and b are complied with, and the transformers are 
marked in accordance with the A. I. E. E. rules, paral- 
leling is accomplished by merely connecting similarly 
marked leads, as H-1 to H-1, and X-1 to X-1. In single- 
phase units it is ordinarily possible to cross the leads to 
compensate for different polarities, and proper combina- 
tions can be readily obtained. 

In three-phase transformers it is not always convenient 
to change the internal leads. On the other hand it is not 
always possible to obtain operative combinations by manip- 
ulating the external conductors, as a consideration of the 
following specific cases will show. 

Detta-DELTA BANKS IN PARALLEL 

Figure 31 A and B shows two possible connections of 
delta-delta units which differ in that in A there is no 
angular displacement between primary and _ secondary, 
whereas in B there is a 180-deg. displacement. Two such 
groups could not be paralleled, for no possible change in 
the external leads could change one to the other. It would 
be necessary to change the internal connections on one of 
the units so as to make them both alike. 

Y-Y Banks IN PARALLEL 

Figure 32 A and B shows two possible combinations of 
Y-Y units which differ in that A has no angular displace- 
ment between primary and secondary, whereas B has a dif- 
ference of 180 degrees. These two groups could not be 
paralleled without changing the internal connections, for 
no possible change in the external leads would change one 
to the other. 

Y-petTa BANKS IN PARALLEL 

Figure 33 shows two possible connections of Y-delta 
units. In these, as well as in the other examples, shown 
in Fig. 35, there is a phase displacement of 30 deg. between 
the primaries and secondaries, this being the case in all 
properly made Y-delta banks. It is possible to multiple 
any pair of these groups by merely rearranging the external 
leads. 
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The A. I. E. E. express all of the foregoing in a table 
shown in Fig. 34. Transformers in any one group can be 
multipled by merely connecting similarly marked leads. 
Transformers in one group cannot be connected with those 
in another group. 


VoLtTAGE DIaGRAMS 


It is obvious that two three-phase transformers cannot 
safely be paralleled without knowing their voltage dia- 
grams. There are marked on the name plates, but may be 
determined by tests. 


TyYPIcAL THREE-PHASE CONNECTIONS USING SINGLE- 
PHASE TRANSFORMERS 


Figure 36 gives a number of connections using single- 
phase units of various polarities. The markings indicate 
the relations existing. 


OpEN DELTA BANKS IN PARALLEL 


Open delta banks may be operated in parallel or they 
may be multipled with closed delta banks. The capacities 
obtained vary with the method of connecting; the resulting 
values can best be expressed by a tabulation, as below, 
which appeared in the “Electric Journal” about 10 yr. ago. 


Three-phase capa- Equivalent 

cityin% ofsingle- number of 
phase combined single-phase 

ratings units 

V 86.6 1.75 

A 100.0 3.00 

VV 86.6 3.5 

A/ or AL 82.0 3.25 

AN 80.0 4.0 

AA 


100.0 6.0 
VVV 
§ AA/ or AAA 
L AAA 


86.6 5.25 
91.0 6.5 
) 72.0 
AL“ 88.0 
AAA 100.0 
AAA/ or AAA A 94.0 
AAAA 80.0 
AAAA 91.0 
AAAA 100.0 
AAAA/ 
AAAAA 
13 AAAAA 


Number 
of units 


2 


Method of connection 


3 
4 
+ 
5 
6 
6 
7 
8 
9 


95.0 

95.0 8 

85.0 11.0 

PuHaAse TRANSFORMATION WitH THREE-PHASE To Two- 
PHASE CONNECTION 


Three-phase to two-phase transformation is usually 
accomplished by the so-called Scott connection which util- 
izes two units, connected T on the three-phase side, as 
shown in Fig. 37. The values given illustrate the relations 
of currents and voltages. For Scott transformation it is 
usual to employ two similar transformers, both of which 
have 50 per cent and 86.6 per cent taps. Under emergency 
conditions, however, units having 50 per cent taps only may 
be used, this resulting in a distorted condition, as per Fig. 
38, which prevents parallel operation with true three- or 
two-phase systems. 


THREE- OR Two-PHASE TO SINGLE-PHASE CONNECTIONS 

Single-phase power can be taken from any phase of a 
polyphase system by merely connecting a transformer 
across the proper pair of wires. This, of course, unbalances 
the system, a condition that can be remedied only by prop- 
erly distributing the various loads so taken. It is impos- 
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sible to take single-phase loads from polyphase primaries 
without producing such unbalances. 


THREE-PHASE TO Srx-PHASE CONNECTIONS 


Figure 39 shows the A. I. E. E. classification of polari- 
ties. Transformers in one of the groups can be multipled 
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FIGS. 39-40. DIAGRAMS ILLUSTRATING 


by connecting the similarly marked leads but units in one 
group cannot be connected with those of another. 

Figure 40 shows a number of actual three-phase to six- 
phase arrangements, with the leads properly marked. 


The Great Public Servant 


IF EVERY MAN OVER 19 yr. of age in the United States 
worked eight hours a day for the entire past year, the com- 
bined physical effort would be equal to less than one-fifth 
of the electrical energy produced from centra] stations 
alone during that period. 

In the matter of transportation, electricity may take 
to itself the credit in largest part for the growth of cities, 
with their street, suburban, interurban and underground 
railways. 

It is a silent and unobtrusive servant in the home— 
always ready, without rest, vacation, sick leave or sleep— 
eager for its task—tireless, day and night, Sundays, holi- 
days, every hour of every day of every year. 

If you want light you press a button and there is light. 
If it be power wanted, a similar throwing of the switch 
will get the same instant response. If only one customer 
of the central stations presses the button, or if all the four- 
teen and a half million throw their switches simultaneous- 
ly, each and all will be instantly served in just exactly the 
measure—little or much—that each wants. 

It is as if there stand behind the wall servants on tip- 
toe to spring forth at your summons, waiting to do your 
bidding. But there isn’t anybody or anything behind the 
wall to answer your signal. There isn’t any wire full of 
current concealed in the partition, nor any tank full of 
electricity stored in the cellar or in the garret that you 
draw from. When you press the button you do bring elec- 
tric energy to your aid, but you make it come from the 
generators in the central stations, no matter how many 
miles away. And it comes to you with the speed of the 
sun’s light, at the rate of 11,160,000 mi. per min. 

—P. 8. Arkwright, N. E. L. A. Bulletin. 
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Details of Modern Transformers 


CONSTRUCTIONAL FEATURES, TYPES OF WINDINGS, INSULA- 
TION OF CoILS AND TERMINALS, AND MOUNTING IN CASINGS 


OR COMMERCIAL purposes transformers are classi- 

fied according to their use. Ordinarily, electric cur- 
rent cannot be used at the voltages at which it is generated 
or at the voltage which is necessary for economical distri- 
bution. Therefore there is one classification of trans- 
formers in which are grouped all sizes and types which are 
used for distribution. The other classification takes in all 
of the large and heavy duty transformers which are used 
for power purposes. 

Core construction for a transformer is laminated, i. e. 
made up of a number of sheet iron or steel stampings, 
each stamping, before assembly, being treated with a var- 
nish which acts as a thin layer of insulating material 
between adjacent stampings in the core. Details of the 
stampings vary with the type of transformer core and with 
the ideas of various manufacturers of electrical equipment. 
In some forms of construction, the stampings may be 
rectangular and in others they may be L-shaped. Among 
other advantages the L-shaped punching allows the core to 
be built with but two joints in the magnetic circuit, where- 
as four joints are required in the ordinary construction. 

Three and four-part cores, Fig. 2 and Fig. 3, are usu- 
ally built up with the L-shaped laminations which are 
assembled in such a way as to secure a comparatively large 
center section with magnetic sections radiating at 120 deg. 
or 90 deg. as may be required. The laminations may be 
interlocked in the center section. A three part core is 
usually clamped by metal plates at either end of the core, 
these plates being held together by a bolt passing through 
the center of the core. In the four part core, metal straps 
are passed around the outer legs to hold the clamping 
plates together. 


Core SHEETS Must Be GRADED 
To insure uniform magnetic characteristics, the sheets 
from which the stampings are made are usually graded 
after annealing. Punching from the sheets has the effect 
of hardening the metal and increasing the hysteresis loss, 
hence, it is good practice to re-anneal the stampings before 

they are insulated and assembled in the core. 
Transformer windings are of two general types, those 
wound directly on the core, and those wound on forms and 
later assembled on the core. Windings made directly on 






FIG. 2. ASSEMBLED THREE-PART 





the core have the advantage of rigid support, the insula- 
tion being placed in final fixed positions by the winder 
and not disturbed or distorted by any assembly process. 





FIG. 1. CORE AND CAP ASSEMBLY OF A LARGE TRANSFORMER 


These advantages are especially desirable in the small units 
because the clearances required by economical design are 
small. 

Coils of three-part, distributed-core transformers are 
often wound on the core. One-half of the low-voltage 
coils are usually wound directly over the core insulation. 
The high-voltage coils and outer low-voltage coils are in 
turn wound over the inner low-voltage coils with an insu- 
lating pad between all coils. 

Coils of four-part, distributed-core transformers may 
be either core-wound or form-wound, depending upon the 
size and voltage of the transformer. Those wound on the 
core are wound in the same manner as those of the three- 
part, distributed-core transformers described above. 

In the interleaved-disk type of winding, Fig. 4, both 
high- and low-voltage coils are wound in the form of disks 
assembled with the high-voltage and low-voltage coils 
interleaved. These coils are wound on a form and assem- 
bled over a cylinder which furnishes the foundation for the 
winding This is later assembled over the core and also 


FIG. 3. FOUR-PART DISTRIBUTED Y 
Fe asa i eo FIG. ot INTERLEAVED TRANSFORMER 
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serves as an insulation between the windings and the core. 
The coils are separated from each other by means of spe- 
cially treated fibre spacers, furnishing generous oil ducts 
between coils for cooling purposes. 

In the disk-cylinder type of winding, Fig. 5, the low- 
voltage coils are cylindrical in shape and are wound on a 
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FIG. 5.. DISK-CYLINDRICAL TYPE TRANSFORMER COILS 


cylinder. The high-voltage windings are disk coils assem- 
bled over another cylinder of the same material which is in 
turn assembled over the low-voltage winding with an oil 
duct between the low-voltage winding and the outer 
cylinder. 

In the cylindrical construction both high- and low- 
voltage coils are cylinders wound on forms and assembled 
concentrically with generous oil ducts between coils. 


TERMINAL Biocks SHOULD BE SUBMERGED 


Some transformers are not supplied with terminal 
blocks, but instead porcelain spacers, mounted on the 











END VIEW OF COIL SHOWING OIL DUCTS FOR 
VENTILATION 


FIG. 6. 


wrought-iron straps or on the end frames are provided to 
insulate and support the leads between the coils and the 
porcelain bushings. Wherever it is necessary. to furnish a 
terminal block, as in the case of a transformer with high- 
voltage taps, the terminal block should be submerged be- 
low the level of the oil to prevent flash-overs. due to 
lightning surges, from the terminal studs to the case. The 
bushings used should be large and have a long flash-over 
distance. This feature is particularly desirable on account 
of the increasing use of the 2300 to 4000-v., 3-phase, 4-wire 
system, with the resultant greater strain from this service 
on the 2300-v. transformer bushings. 

Coils which are wound separately permit careful inspec- 
tion and testing at all stages of manufacture. The high- 
voltage coils may be subdivided into sections to reduce the 
voltage stress between layers. In certain sizes, from 5 to 10 
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kv.a., inclusive, special machine-wound high-voltage coils 
of round wire may be used. These are so wound that each 
wire lies in a gutter formed by two other wires of the pre- 
ceding layer. This construction is strong mechanically, 
prevents crawling of the wires and gives an excellent space 
factor. For larger capacities, copper strap is used for the 
high voltage coils. The low-voltage coils are of wound wire 
or copper strap, wound directly on insulation barriers. 

High- and low-voltage windings are first assembled with 
insulating barriers and then an exact weight of L-shaped 
punchings should be built up around the coils piece by 
piece, the coils being protected against abrasion by fuller- 
board saddles. This method prevents mechanical injury 
to the windings and provides additional insulation between 
the coils and the iron. The top and bottom end-frames 
are next clamped onto the magnetic circuit by bolts which 
pass through locking irons which fasten the upper and 
lower end frames together. The complete transformer is 
then subjected to an impregnation treatment. 


FIG. 7. LARGE CONDENSER TYPE OF TRANSFORMER BUSHING 


This treatment has the following advantages: 

(1) The insulation strength of the windings is 
greatly improved, the function of the cotton covering of 
the wires and other fibrous insulations being simply to act 
as spacers which have a high dielectric strength after 
absorbing the insulating compound. 

(2) The heat conductivity of the windings is in- 
creased which eliminates hot spots and produces a more 
uniform temperature rise. 

(3) After impregnation the windings will not readily 
absorb moisture. 

(4) The mechanical strength of the windings is 
increased. 


TRANSFORMER TANK Must Br SUBSTANTIALLY MADE 


Tanks for distribution transformers should be of 
strong, and of weatherproof construction. Three styles of 
tanks are used, depending upon the voltage and total capac- 
ity involved. The smaller units are assembled in smooth 
cast-iron tanks. For those sizes in which a reduction in 
weight for pole suspension is desirable, all-welded_ sheet- 
steel tanks are used in which ample mechanical strength 
and liberal radiating surfaces can be provided and a 
reduced total weight is secured. For the larger sizes of 
the all-welded sheet steel tanks, corrugations are provided 
which not only provide the increased radiating surface 
necessary, but give additional strength to the tank. For 
the still larger sizes of distribution transformers, which 
are too heavy for pole suspension, tanks are made of cor- 
rugated sheet-steel sides, cast-welded into the ‘cast-iron 
base and top rim. Tanks are usually provided with covers 
having overhanging lips and with a gasket between the 
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tanks and covers, preventing the entrance of dust or 
moisture. 

Transformers for e.m.f.’s below 19,250 v. have the 
leads brought through bushings located in the overhang- 
ing pockets. The leads for transformers of higher voltages 


than this are brought out through non-puncture: bushings 


located in the cover of the transformer, the joint between 
the bushing and cover being made weatherproof by means 
of a suitable gasket. 

Tanks of transformers for subway installation are made 
water-tight by means of a machined joint between the tank 
and cover and by the use of a specially treated gasket. 
The leads are brought out through special bushings which, 
when the joints are properly made, render connections 
waterproof. The joint is made by making a plumber’s wipe 
joint in attaching the external cable to the bushing of the 
transformer. 








FIG. 8. PORCELAIN TYPE OF CONDENSER BUSHING 


Transformers for distribution purposes are usually 
supported on cross-arms by means of iron hangers, a form 
of construction suitable for transformers up to about 20 
kw. For larger units the cross-arms should be double and 
heavier than the standard arm. Large transformers which 
cannot be placed in the building can be placed on a plat- 
form constructed between poles. In the building large 
power transformers should be mounted on trucks and rails 
to facilitate their placement and removal. 

Outlet terminals for transformers are of two kinds; 
the condenser terminal, Fig. 7, and the oil-filled terminal, 
Fig. 8. The former consists of alternate cylinders of thin 
tin foil and shellacked paper, rolled hot on a central brass 
rod. These cylinders are arranged so that the capacities 
between adjacent tin-foil cylinders are the same through- 
out, the tin-foil cylinders differing in length by equal 
steps. At the top of the terminal a disk is placed and an 
external cylinder of insulating material extends between 
the flange and the disk, the space between the cylinder and 
the condensers being filled with gum. 

Oil insulated terminals depend upon oil as an insula- 
tor. They consist of porcelain segments cemented together 
to serve as a container for the coil with a conducting rod 
extending through this container. The oil space is sub- 
divided by insulating cylinders to prevent lining up of 
particles in the oil into conducting paths. 


UsE oF THE TAP-CHANGING SWITCH 


The transformer tap-changing switch, Fig. 9, is a 
device for rapidly and conveniently varying the ratio of 
a transformer by changing tap connections. Its most im- 
portant function is the safeguarding of electrical service 
by decreasing the time required to make the change. The 
necessary operations for changing tap connections with 
the tap changing switch are: 


POWER PLANT 
ENGINEERING 51 








1. Disconnect the transformer from both the high and 
low sides of the circuit by tripping the circuit breakers or 
opening the disconnecting switches. 

2. Turn tap changing switch handle to the desired 
position. 

















FIG. 9. TRANSFORMER TAP CHANGING SWITCH 





3. Reconnect the transformer to the system. 

It will be noted that this switch is intended for opera- 
tion only when the transformer is entirely disconnected 
from the power system. 

Without a tap-changing switch the following operations 
are necessary to change the taps of a transformer: 

1. Disconnect the transformer from the system. 

2. Take off the manhole. 

3. Drain oil from the transformer or, in some cases, 
the oil may be cool enough to allow of immediate chang- 
ing of tap connections. 

4, Change link connections on the terminal board to 
correspond with diagram of connections. 

5. Replace oil and manhole cover. 

6. Reconnect transformer to system. 

Aside from the inconvenience of these operations and 
the time required, there is the additional risk of acci- 
dentally dropping tools or loose metal parts, such as 
washers, nuts, etc., on or into the windings. Finally, there 
is the possibility of a careless operator making wrong con- 
nections or leaving loose contact connections. 

Tap-changing switches are mounted under oil inside 
the transformer and are operated by a hand wheel located 
on the outside of the cover, an insulating shaft joining 
the switch and handwheel and keeping the hand wheel at 
ground potential. Two universal joints are often used to 
insure proper alinement. The handwheel is provided with 
a pointer which moves over a dial, on which numbers cor- 
respond to tap positions and the diagram nameplate 
indicates the voltages obtainable for each position. 

The operating shaft is brought through the cover 
through a specially constructed oil and air-tight stuffing 
gland, which prevents the entrance of air or moisture into 
the tank and seepage of oil out of the tank. 

Currents in the high- and low-voltage coils of a trans- 
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former are opposite to each other in their time-phase 
relation, therefore, at each point along the gap which 
separates them, there is induced an electromotive force 
equal to the ampere-turns in either coil tending to send a 
magnetic flux through the gap. Tle flux flows through 
the coils and so is not confined to the gap. The flux density 
is a maximum in the gap and is zero at the outer edges 
of the coils away from the gap. 

Measurement of the copper loss and impedance volts is 
made by short circuiting one winding, preferably the 
primary winding, and circulating the full load current in 
the other winding. The current should be adjusted with 
the voltmeter and wattmeter shunt winding disconnected. 
The wattmeter should be read first and then the voltmeter 
may be read. A correction must be made if the exciting 
current to the transformer is high. 

Copper losses obtained by this method will be the true 
copper loss of the transformer and will include the eddy- 
current loss in the conductors. The copper loss divided 
by the rated output, will give the effective I R drop, which 
should be expressed as a fraction of the rated voltage. The 
effective impedance drop, expressed as a fraction of the 
rated voltage can be obtained by dividing the observed 
voltage by the rated voltage. The effective reactance drop, 
expressed as a fraction of the rated voltage can be obtained 
by taking the square root of the difference of the squares 
of the two above quantities. 


Methods of Cooling Trans- 
formers | 


OUTLINE OF MetuHops USED to REMOVE 
THE Herat RESULTING FROM LOSSES 
OccuRRING WITHIN THE TRANSFORMER 


OSSES IN A transformer appear as heat in the core 

and windings. This heat must be removed as fast 

as it appears, otherwise a high temperature will result and 
the insulating materials will be destroyed. 

Methods used for the removal of heat are: (a) natural 
convection of air and radiation, This method is used for 
small distribution and switchboard transformers. (b) 
Forced circulation of air. These are sometimes called air- 
blast transformers, and are built in sizes as large as may 
be required and for voltages up to 35,000. (c) Natural 
convection and radiation with two liquids. These trans- 
formers are oil insulated and air cooled. They are built 
in sizes up to 8000 kv.a. (d) Combination of natural 
convection of a fluid with a forced circulation of air. (e) 
Natural convection of an insulating fluid which is cooled 
artificially by another fluid. (f) Forced circulation of a 
fluid which may be cooled in any convenient way. 

Conduction outward to the surface in contact with the 
cooling medium is the first step in coqling a transformer. 
This means that the heat must first travel through the 
copper and then through the insulation to its outer sur- 
face. Convection of the heat is the next step and it is 
affected by the upward currents of the cool fluid coming 
in contact with the heated insulation. The windings of a 
transformer must be so constructed that they present ver- 
tical surfaces, forming paths free from obstructions to the 
flow of the convection currents. Windings arranged so 
that the exposed surfaces are concentric cylinders with 


vertical axes have proved satisfactory. 
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Characteristics of a good cooling fluid are: it must be 
a good insulator, have good thermal conductivity, have a 
high specific heat, a high coefficient of expansion and low 
viscosity. It must not carbonize readily and it must be 
free from acids and moisture. 

In transformers cooled by free convection of air, the 
difference in temperature or weight of the air at the bot- 





FIG. 1. FULLY ASSEMBLED DISTRIBUTING TRANSFORMER 


tom and at the top of the coils furnishes the force by 
means of which the air circulates. In oil-insulated, self- 
cooled types the transformer is immersed in oil which cir- 
culates by free convection, the oil being cooled by conduc- 
tion to the casing which in turn is cooled by convection to 
the air. 


Atr Buast 1s Usep to Coot ONE TyPE or TRANSFORMER 


Air-blast cooled transformers depend solely on free cir- 
culation of air which is forced under pressure through the 
transformer. In some types of oil immersed transformers, 
the hot oil is taken from the top of the coils, artificially 
cooled and returned to the bottom of the transformer cas- 
ing. In water-cooled transformers, a coil of pipe, through 
which water is circulated, is placed near the surface of the 
oil. 

Water for cooling is frequently expensive, hard to get, 
or needs to be recooled by cooling tower, spray pond, or 
the like, and in cold climates there is always the pos- 
sibility of freezing of the circulating system. 

In forced oil circulation, the liquid is circulated as well 
as artificially cooled. One form of self-cooled transformer 
which has recently been developed is the banked-radiator 
type, in which banks of pipes or radiators are mounted on 
the outside of the shell. These are tapped into the shell 
and the oil circulates through them under its natural 
sypho-thermal head. 


It Is an Economy To RECLAIM OIL 


Investigation shows that the reclaiming of all insulat- 
ing oils, whose deterioration has been caused by physical 
changes, or the presence of moisture, carbon, or other 
foreign substances, can be accomplished by a special type 
of filtering outfit. 

Capacity of these outfits, with oil pressure and filtering 
area fixed, depends upon the viscosity of the oil and its 
condition as regards freedom from dirt. With fairly clean 
oil at ordinary room temperature, the capacity of the out- 
fits will vary from normal to about 15 per cent above 
normal, depending upon the viscosity of the oil which 
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varies with the temperature. It is found that the best 
results are obtained when the oil temperature is between 
25 and 75 deg. C. The average working pressure of these 
outfits is 60 lb. per sq. in. By using larger pumps giving 
higher working pressure, the capacities of the outfits can 
be increased but the best results are obtained with the 
more moderate pressure. 

One method for filtering a quantity of oil is to pump 
all the oil from the tank through the filter and into an- 
other tank which is dry and clean: If care is taken to 
change the filter papers before they become saturated, ab- 
solutely clean and dry oil will be obtained. If the second 
tank for holding the oil is not available or if it is desired 
to filter the oil of a transformer while in service, the oil 


Ci 


AIR BLAST TRANSFORMERS ARE BEST ADAPTED 
WHERE FLOOR SPACE IS VALUABLE 


FIG. 2. 


may be pumped from the bottom of the tank through the 
filter and returned to the top of the same tank. This 
operation should be continued until the oil in the tank 
shows a sufficiently high dielectric strength. 

Application of the centrifugal type of transformer oil 
purifiers to the problem of maintaining the dielectric 
strength of switch oil and other insulating oils, is essen- 
tially the same as that of the blotter press, except for the 
actual removal of moisture and sediment from the oil. 
Instead of the filtering action which takes place in a blot- 
ter press, the purifier throws the impurities out of the oil 
by centrifugal force, 

One feature of large high-voltage transformer design is 
the increasing demand for the oil conservator. The con- 
servator may be applied to either self- or water-cooled 
transformers. It absolutely prevents moisture entering the 
main transformer tank, prevents sludging of oil even under 
extraordinarily severe load conditions and, by maintain- 
ing the main transformer tank completely filled with oil, 
eliminates the possibility of an explosion of air and oil 
vapor in the transformer. An additional and valuable 
feature is the fact that insulations such as cotton, paper, 
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fiber, etc., deteriorate much slower when the conservator is 
used. The deterioration at 105 deg. C. with a conservator 
in use is not greater than at 95 deg. C. or less without the 
conservator. 

Oxidation is one of the troubles which result from the 
use of oil in transformers. To overcome this the “iner- 
taire” transformer has been used. It is similar to the ordi- 


«= 
FIG. 3. LARGE TRANSFORMERS ARE OFTEN FITTED WITH OIL 
° CONSERVATORS AND RADIATORS 


nary oil-cooled transformer except that all air is excluded 
from the casing by keeping the space above the oil level 
filled with an inert gas which consists almost entirely 
of nitrogen. A distinctive feature of this method is 
that the body of nitrogen is automatically created and 


FIG. 4. FILTERS ARE USED TO DEHYDRATE AND PURIFY 


TRANSFORMER OILS 


maintained above the oil surface through the controlled 
natural breathing of the transformer. A rise in tempera- 
ture of the oil and gas causes it to expand thus creating 
a pressure which is relieved through a pressure relieving 
U-tube. When the oil cools and contracts, air is drawn 
in through a quantity of deoxygenating and dehydrating 
chemicals and in this way the gas space in the transformer 
is always kept filled with a supply of inert gas and oxida- 
tion of the oil cannot take place. 
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PRINCIPLES OF OPERATION. 
Morors. 


N STUDYING THE action of the electric generator, 

we have seen that when a conductor is moved across a 
magnetic field in such a way as to cut the lines of force, 
an electromotive force is set up in the conductor which will 
cause a current to flow, if a circuit is completed. Now a 
wire carrying an electric current has set up around it a 
magnetic field, the intensity of which is proportional to the 
strength of the current. The question that arises then is, 
what effect has a magnetic field upon a wire carrying a 
current? 

In Fig. 1 are shown two diagrams, first, at (a) is shown 
the field surrounding a wire carrying an electric current, 
while at (b) we have a diagram of the field between the 
poles of a magnet. If, now, the wire shown at Fig. 1 (a) 
is placed directly between the poles of the magnet, the dis- 
tribution of the lines of force will be as shown in Fig. 2. 
If we consider the direction of the lines of force, it will 
be noted that on one side of the wire, the direction of the 
field due to the current in-the wire is in the same direction 
as the lines of force due to the magnet, while on the other 
side they oppose each other. The result of this condition 
is, that on the side where the direction of both fields is the 
same, there is a concentration of the field, while on the 
other there is, what might be termed, a rarefaction. of the 
field. This unequal distribution of field intensity causes a 
force to be exerted between the wire and the magnet field. 
If the wire is not firmly fixed in place, the field of force due 
to the magnet will tend to push the wire downwards as 
shown in the diagram. The lines of force may be likened 
to tightly stretched rubber bands. They may be distorted 
but they always tend to take the shortest path. If they are 
displaced, they will exert a force in a direction opposite to 
the force that displaces them. 

This action is the fundamental principle of the electric 
motor, both direct and alternating current. The law may 
be expressed as follows: If a current carrying conductor 
be placed in a fixed magnetic field, the reaction of the field 
due to the current in the wire upon the field due to the 
magnet will tend to move the wire in a direction such as 
to cut the lines of force at right angles. 


MetTHOps OF CONTROL. 


Construction oF A.C. anp D.C. 


TyprEs FoR DIFFERENT USES 


The action is seen to be the reverse of that which occurs 
in the generator. In the generator the movement of a con- 
ductor across a magnetic field induces an e.m.f. in the con- 
ductor, while in the motor, the passage of current through 
a conductor placed within a magnetic field tends to produce 
a movement of that conductor. 

In the actual motor, a large number of conductors are 
arranged on an armature between the poles of electro-mag- 
nets in such a way that the reaction between the field sur- 
rounding the conductors and that due to the magnets pro- 
duces rotation of the armature. 


Factors WHIcH INFLUENCE TORQUE 


The force exerted upon a current-carrying conductor is 
dependent upon the strength of the current flowing in the 
conductor and the intensity of the magnetic field in which 
the conductor is placed. In a motor, where a large number 
of conductors are placed on an armature, the torque exerted 
upon that armature is due to the combined action of the 
torques on all the separate conductors. The torque exerted 
by an electric motor then is due to three factors, the inten- 
sity of the magnetic field, the value of the armature cur- 
rent and the number of conductors on the armature. 


RELATIONS BETWEEN FIELD, CURRENT AND MoriIon 


In the foregoing it has been shown that a definite rela- 
tions exists between the torque exerted on the conductor 
and the value of the current and field. In addition to 
these facts it is also desirable to know the relations that 
exist between these various factors in-so-far as their direc- 
tions are concerned. As might be expected, these- rela- 
tions in a motor are just opposite to those in a generator. 

In studying the action of a generator, use is made of 
what is commonly known as the right-hand rule. This 
rule, as already illustrated, is that if the thumb, forefinger 
and middle finger of the right-hand are held at right angles 
to one another, the forefinger points to the direction of 
the lines of force, the thumb in the direction in which the 
conductor is moved, the middle finger will indicate the 
direction of the induced e.m.f. in the conductor. 
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In the case of the motor, however, conditions are re- 
versed and we make use of the left-hand rule. In this case, 
if the thumb and first two fingers of the left hand are held 
at right angles to one another and, if the forefinger points 
in the direction of the field and the middle finger in the di- 
rection of the current through the conductor, then the 
thumb will point in the direction of the resulting motion. 
By means of this rule it is always a simple matter to predict 
the direction of rotation of an armature, provided the direc- 
tion of the current in the armature conductors is known. 


GENERATION OF CounTER E.M.F. 

Whenever a conductor is moved in a magnetic field so 
as to cut lines of force, an e.m.f. is induced in the con- 
ductor. In a motor these conditions exist, as the arma- 
ture conductors revolve in a field and therefore generate 
e.m.f. The motor, however, has applied an e.m.f. from an 
external source, hence it is obvious that there are two 
voltages and the e.m.f. generated by the motor is in oppo- 
sition to the applied voltage. 

This counter e.m.f., as it is termed, has an important 
bearing on motor operation. Suppose, for instance, the 
armature of a motor is at rest. If the external voltage is 
now applied to the motor, the ohmic resistance of the 
armature is the only thing that limits the flow of current. 
As soon as the armature begins to revolve, counter e.m.f. 
is generated and opposes the flow of current through the 
armature, which opposition increases with increase of speed 
until, at full speed and with no load on the motor, the 
current in the armature is reduced almost to zero. 

From this consideration of the effect of counter e.m.f. 
it is easy to understand why starting devices are necessary 
to limit the rush of current that would occur, if motors 
were thrown directly on the line. 


Factors WHICH DETERMINE VALUE OF CoUNTER E.M.F. 

Applied voltage, number of conductors in series in the 
armature, speed and field strength, are the factors on which 
the value of counter e.m.f. depends. It is obvious that, if 
the speed of cutting remains the same, the induced volt- 
age is higher when the conductors are cutting a field of 
higher flux density. On the other hand, if the flux remains 
the same and the speed of cutting is increased, the induced 
voltage will increase in value. — 

Motor operation is a matter of balanced conditions. 
That is, it is possible to vary the applied e.m.f., field 
strength, current and torque and with each of the changes 
the counter e.m.f. will assume a different definite value. 

Suppose that a motor is running at normal speed with 
no load and a load is applied to the pulley; the speed starts 
to drop and immediately the value of the counter e.m.f. 
decreases so that current flows through the armature and 
the torque increases sufficiently to pull the increased load. 

From this it can be seen that the speed of a motor is 
governed by the fact that sufficient counter e.m.f. must be 
generated to restrict the current flow to the amount neces- 
sary to develop the required torque. If a motor is operated 
at a given speed with the field magnetism at a given inten- 
sity and if this intensity is decreased the motor will in- 
crease in speed. This is because it is necessary for the 
armature conductors to pass the poles more rapidly in 
order to cut the same number of magnetic lines in a given 
time and thus to maintain approximately the same counter 
e.m.f. Fundamentally, the various speed characteristics 
obtained with motors all depend upon the relations of 
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speed to counter e.m.f. and counter e.m.f. to field mag- 
netism. 


TorQuE RELATIONS 


Torque depends upon the field flux, the number of 
armature conductors and the armature current. If the 
field flux is constant the torque increases in proportion to 
the armature current but with overloads the demagnetiz- 
ing influence of the armature current affects the main 
flux and causes the torque to rise more slowly than the 
current. 

If the applied voltage is increased, with constant field 
strength, the speed of the motor will increase, due to the 
fact that the armature conductors must. cut the field at a 
more rapid rate, if the differential between counter e.m.f. 
and impressed e.m.f. is to be maintained constant. Since 
the field strength is usually affected by change in voltage, 
the type of motor must also be considered in determining 
the effect of voltage variations. 
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FIGS. 1-3. DIAGRAMS ILLUSTRATING PRINCIPLES OF MOTOR 
: ACTION 

Fig. 1._ Representation of the Field Around a Current Carrying 
Conductor and Also Between the Poles of a Magnet. Fig. 2. 
Diagram Illustrating Effect of Placing Current Carrying Con- 


ductor Shown at Fig. 1A Directly Between the Poles of the 
Magnet Shown in Fig. 1B. Fig. 3. The Left-Hand Rule. 


All of these fundamentals affect the operation of both 
direct and alternating-current motors, although in the lat- 
ter case the rotating field adds further complications to the 
study. In connection with the articles which follow, some 
of these fundamentals will be discussed in relation to the 
various types of motors. 


THE GROUNDING OF electrical circuits supplied from 
the low voltage side of transformers is recommended as a 
safety precaution by Dr. M. G. Lloyd, Chief of the Safety 
Section of the Bureau of Standards, Department of Com- 
merce. In a paper presented at the meeting of the Inter- 
national Association of Municipal Electricians, Dr. Lloyd 
pointed out that grounding reduces the danger of fire and 
accident by preventing the occurrence on the circuit of 
voltages higher than expected, such as might result from 
lightning or from crosses with a high voltage line. Sec- 
ondary circuits carrying less than 150 v. should always be 
grounded he states, and grounding is desirable also for 
circuits as high as 440 v. 
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Types of Direct Current Motors 


Morors SHoutp Be SELECTED IN ACCORDANCE WITH THE 
CHARACTERISTICS OF THEIR WINDINGS AND THE SERVICE 


HARACTERISTIC WINDINGS of direct current 
motors are classified as, series, shunt and compound. 
The series motor, as its name would suggest, is one in 
which the field windings, made up of a few turns of heavy 
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FIG. 1. DIAGRAMMATIC SCHEME OF A SERIES WOUND 
MACHINE 
FIG. 2. SCHEME OF THE SHUNT WOUND MACHINE 
FIG. 3. LONG SHUNTED MACHINES HAVE THE SHUNT FIELD 
ACROSS BOTH THE SERIES FIELD AND THE ARMATURE 


FIG. 4. SHORT SHUNT MACHINES HAVE THE SHUNT FIELD 
ACROSS THE ARMATURE ONLY 
FIG. 5. INTERPOLES ARE IN SERIES WITH THE FIELD AND 


BETWEEN IT AND THE ARMATURE 


wire, are in series with the armature and carry the full 
current which passes through the armature winding. 
Series connection of the field and the armature results 
in a change in field intensity with a change in the load on 
the motor. The series motor runs slowly under load and 
speeds up as the load is reduced. If the motor is relieved 
of all load, the field magnetism becomes so small that the 
armature must revolve at a high rate of speed to main- 
tain the counter voltage. Series motors, therefore, are said 





FIG. 6. MOTOR FRAME WITH FIELD COILS MOUNTED 


to run away under no load and are seldom used on belt 
drives or for any drive where the load may be entirely 
removed. 

If the current is increased in a series motor, the torque 
will be increased, due to the increased armature current 
and the strengthening of: the field, hence the torque of 
the series motor is high under heavy loads and the stand- 
still torque may be several times the full load torque. 

Series motors are not as efficient as other types of 
motors because they are seldom used at rating. They are 
generally given hard service and advantage is taken of off- 
peak periods to radiate the heat generated within the wind- 
ings. 

Shunt motors are connected up so that the field wind- 
ing is directly across the line, that is the field and arma- 
ture windings are in parallel. The field coils are therefore 
subjected to the line voltage but the current in them is in- 
dependent of the current which passes through the arma- 
ture. This construction gives a condition which results in 
nearly constant field ampere-turns, resulting in a prac- 





FIG. 7. ASSEMBLED MOTOR FRAME SHOWING MAIN POLES 
AND INTERPOLES 


tically constant flux intensity regardless of the load upon 


’ the machine. 


In the shunt motor the counter voltage must fall off 
slightly to allow the additional current required for an in- 
crease of load to flow through the armature circuit resist- 
ance. This is attained by a slight drop in speed which 
amounts to from 3 to 5 per cent from no load to full load. 
The speed regulation of the shunt motor is thus from 3 to 
5 per cent. 


OVERLOAD REsULTs IN Drop or SPEED 
Torque of a shunt motor increases in proportion to the 
armature current because the field flux is approximately 
constant. As the load increases, the demagnetizing effect 
of the armature’changes the main flux and causes the 
torque to rise more slowly. The break down torque of a 
shunt motor will be about three times the full load value. 
Compound motors are a composite form having both 
series and shunt windings on the field cores. The shunt 
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winding consists of a great many turns of fine wire con- 
nected directly across the line as in the shunt motor. The 
series winding, consisting of a few turns of heavy wire, is 
connected in series with the armature as in the series type 
of motor. If the field connections are made so that the 
series and shunt fields act in the same direction the motor 
is said to be cumulative compound wound. If these two 
windings are connected so that they oppose one another, 
then the motor is said to be differentially compound 
wound. 

Speed of the cumulative compound motor decreases 
considerably with an increase of load. This motor has the 
advantage, however, that at starting, when the current 
through the armature and the series field is large, the total 
field excitation is also large, hence the. torque is large, 
like the series wound motor. 

When a differential compound motor is loaded, the cur- 
rent through the armature and series field increases and 
by opposing the magnetizing action of the shunt field, re- 
duces the field flux. This decrease in flux is sufficient to 
result in a decrease of counter-electromotive force suffi- 
cient to allow the needed current to flow through the 
armature, thus enabling the motor to carry its load. 





FIG. 8. COMPLETELY ASSEMBLED DIRECT-CURRENT 
ARMATURE 


Differential compounding is used to prevent a de- 
crease of speed with increased load, or even to cause an 
increase of speed with increase of load up to full load. 

Compound wound motors are generally employed for 
elevator service and in applications which require a heavy 
starting torque and reasonably constant running speed. 
They find extensive application for drives such as shears, 
pumps and compressors where the loads are irregular and 
the peak loads are severe. 


INTERPOLE Motors Have Goop CoMMUTATION 

Interpole motors have been developed for the purpose 
of producing characteristics similar to those of compound- 
wound motors but leaving a wider range of speed varia- 
tion. 

Application of the interpole motor lies principally in 
the industrial field for the operation of machinery which 
requires considerable change in speed. Due to the improved 
commutation of this motor, it has found favor in traction 
uses at higher voltages than would be possible with other 
types of motors. 


CoMPARISON OF. Motors AND GENERATORS 
Direct-current motors and generators are almost iden- 
tical in construction, windings and connections. In fact, 
when generators are run in parallel they are often caused 
to motorize due to a weakened field or failure of the driv- 
ing power to keep the speed up to normal. A little study 
of Fleming’s rule will show how a generator becomes a 
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FIG. 9. CURRENT THROUGH THE ARMATURE OF A MOTOR 
DISTORTS THE MAGNETIC FIELD IN A DIRECTION 
OPPOSITE TO THAT OF ROTATION 


motor. As previously illustrated, the left hand is used to 
indicate the relation of the direction of current flow in 
the armature to the direction of magnetic flux and direc- 
tion of motion of a motor. This shows, by comparison with 
the right-hand rule for generators, that reversing the di- 
rection of the current in the armature will change a genera- 
tor into a motor, this reversal taking place when a gen- 
erator, operating in parallel with others, fails to generate 
voltage equal to that on the buses. If, in addition to 
changing the direction of the armature current, the field is 
also reversed, the generator acts as a motor but with the 
direction of motion reversed. 

When a series generator is run as a motor, its arma- 
ture will be driven in the opposite direction to that in 
which it runs as a generator unless the brush or field con- 
nections are reversed. Shunt-wound motors and genera- 
tors have the same direction of rotation, the only difference 
being that the current through the armature is reversed. 

With compound-wound machines, the direction of rota- 
tion of the armature will be the same in both motor and 
generator if, assuming a cumulative compound wound 
generator, the shunt winding has a greater magnetizing 
effect than the series winding, or, to express this in an- 
other way, if the field flux is not reversed the generator 
and motor have the same direction of rotation. 


ARMATURE REACTION 
In a previous article the magnetic reaction which takes 
place in the armature of a generator is shown. It will be 
noted in Fig. 9, which shows the direction of the lines of 
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force in a motor, that the distortion of the magnetic field 
is in the opposite direction from that of the generator. 
This reaction causes a greater magnetic density in the 
leading pole tips than in the trailing tips. Shifting the 
lines of force backward, instead of forward as in the case 
of a generator, also changes the relative location of the 
coil under commutation so that, for sparkless commuta- 
tion, the brushes must be shifted in a direction opposite to 
that in which the motor is running, instead of forward 
as is the case with generators. 

In connecting a direct-current motor to the line a start- 
ing resistance must be interposed, except with the smallest 
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motors started without load, to prevent an excessive cur- 
rent through the armature as the motor is brought up to 
speed and counter-electromotive force is generated. This 
resistance is gradually cut out as the speed increases until 
at normal speed the motor is thrown directly across the 
line. With series-wound motors this starting resistance 
must, of course, be in series with the field and armature 
but with shunt or compound-wound motors the shunt field 
is thrown directly across the line when the motor is first 
energized. This will be clear from Fig. 10, which shows the 
connections for a direct-current motor starter with low- 
voltage release. 


Methods of Controlling Speed of D. C. Motors 


CHANGES IN FIELD on ARMATURE CURRENT OR IN IMPRESSED E.M.F. 
ArE Most Common MetHops ror Power PLANT APPLICATIONS 


E HAVE seen from the foregoing that the shunt 
motor is a constant-speed machine, the series motor:a 
variable-speed machine and the compound-wound motor 
intermediate between the two. These characteristics are 
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FIG. 1. CONNECTIONS OF SHUNT MOTOR WITH RESISTANCE 


IN SERIES WITH ARMATURE 


dependent on the construction of the motor, speed fluctua- 
tions occurring as a result of load changes and a definite 
speed corresponding to a definite load. This variation is 
called speed regulation. 

We may wish, however, to control the speed of a motor 
by external means, changes of rotation by modifying 
operating conditions being called speed control. It is im- 
portant to keep in mind the distinction between varying- 
speed motors and adjustable-speed motors, as well as be- 
tween the terms speed regulation and speed control. 


SPEED ADJUSTMENT BY VARYING APPLIED VOLTAGE 

The speed of a shunt motor may be decreased by low- 
ering the voltage impressed on the armature because, when 
the impressed voltage is reduce@, the counter-e.m.f. needed 
is correspondingly lessened and the armature need not 
rotate so rapidly to maintain the required counter-e.m.f. 
An adjustable resistance connected in series with the arma- 
ture circuit, as shown in Fig. 1, will cause a voltage drop 
in this circuit, depending on the amount of resistance and 
the current, which is the full armature current. For a 
given setting of the resistor, any change in load will change 
this armature current, thus changing the resistor voltage 
drop and finally changing the speed. With the load con- 
stant, on the other hand, the speed can be changed by vary- 
ing the setting of the resistor. 

With the armature control just described, the motor 
speed with light load is practically the same as it would 
be without the resistor, since the current is small. The 
heavier the load, therefore, the greater the speed range 


obtainable with a given resistor. The variable speed range 
by armature control is all below the rated full load speed. 

If a resistor is used in series with the armature circuit 
of a series motor, a wide variation in speed can be obtained. 
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COMBINED SERIES AND SHUNT ARMATURE 
RESISTANCE CONTROL 


FIG. 2. 


This is the best method of speed control for such a motor. 
When it is desirable to regulate the speed within close 
limits, the arrangement shown in Fig. 2 is used, where 
RA is a series resistor and RS a resistor in shunt with the 
armature. If RS has a low ohmic resistance, the speed of 
the armature can be held at a low value throughout the 
entire range of load. 


SprEeD ConTROL BY VARYING THE FIELD STRENGTH 


In the case of a simple shunt motor, the counter-e.m.f. 
is proportional to the speed and field strength. If the 
latter is changed, a change in speed will be necessary to 
maintain the required counter-e.m.f. Therefore, if an 
adjustable resistor be connected in series with the shunt 
field, as shown in Fig. 3, the speed may be adjusted to any 
point within limits and will remain constant, regardless 
of load changes. Such a machine is designed to operate at 
the lowest speed in its range as a shunt motor. As resist- 
ance is introduced into the shunt field circuit, the field 
strength is reduced, the armature speeds up to maintain 
the counter-e.m.f. and a new speed is reached. There is, 
however, a definite speed limit, beyond which it is impos- 
sible to go because of commutating conditions, centrifugal 
stresses or instability of speed. ‘The motor may be de- 
signed for a maximum speed of two, three or four times 
the minimum, the number of divisions of resistance in the 
controller governing the number of increments of speed. 
To obtain a wide speed range by field control involves con- 
siderable expense in the motor and the maximum of 4 to 1 


is all that is attempted commercially. 
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FIG. 3. SHUNT FIELD CONTROL OF AN INTERPOLE MOTOR 


CoMBINED ARMATURE AND FIELD CONTROL 

For shunt field control, the greatest speed variation is 
usually from 1 to 4, while with armature control about 50 
per cent reduction is secured. By combining the two 
methods, the 1 to 4 increase may be obtained by weaken- 
ing the shunt field, and the 50 per cent reduction by using 
armature resistance. 

Figure 4 shows the wiring diagram of a controller 
provided with regulating resistors for combined armature 
and field control. For this type of controller, the rheostat 
arm is made in two parts, the under part making contact 
with the segments R, to R,, and with ring E and the 
upper arms engaging an upper row of contacts. A latch 
holds the two arms together when starting. On the bot- 
tom arm is a notched segment and pawl, which engage a 
plunger forming part of the low-voltage release mechan- 
ism; this device holds the arm in any operating position. 

In starting, the locked arms are moved to the right, 
cutting out armature resistance and leaving full field 
strength on because of contact through E. When the arm 
reaches extreme right position, all the armature resistance 
is cut out and E no longer makes contact. To increase 
the speed still more, the upper arm is moved back to the 
left, cutting resistance into the shunt field circuit. 


MvLtTIPLeE VoutTace ContTROL 


Since the speed of a d.c. motor can be changed by vary- 
ing the impressed voltage through the insertion of series 
resistors, it can be seen that any other method of efficiently 
varying the applied voltage will produce the same effect. 

One method of doing this is to use the “multi-voltage” 
system. A voltage of 115 to 230 volts is provided from a 
three-wire distribution system served by three-wire gen- 
erators, rotary convertors, balancer sets or series genera- 
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FIG. 4. STARTING AND REGULATING RESISTANCE WITH 
BOTH ARMATURE AND FIELD RESISTORS 
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FIG. 5. SCHEMATIC DIAGRAM OF MULTI-VOLTAGE CONTROL 
SYSTEM 





tors. The field circuit is permanently connected to one 
voltage, the armature being connected across either volt- 
age, with series resistors used during the acceleration and 
transition periods. A second form of multi-voltage con- 
trol, the general arrangement of which is shown in Fig. 5, 
is sometimes used for elevator motors. A balancer set 
capable of producing four different voltages is connected 
across the line and the field of the elevator. motor is con- 
nected across full voltage. In starting, the motor arma- 
ture is connected to points A and B (Fig. 5) ; to secure suc- 
cessive increments of speed, the motor is connected to 
A-C, A-D and finally to the full voltage across A-E, thus 
securing normal speed. 


VARIABLE VOLTAGE CONTROL 


If the importance of the drive warrants it, an individ- 
ual generator may be used to supply one motor and the 
speed of the motor may be controlled by varying the gen- 
erator voltage which is also the impressed motor voltage. 
This method is sometimes employed in the case of large 
steel-mill motors for use in rolling mills. Armature cir- 
cuits of the generator and motor are connected as shown 
in Fig. 6; the fields of both being excited from a separate 
source of constant potential. Since the generator voltage 
can be increased gradually from zero to any desired point, 
no resistance is needed in the armature circuit. This con- 
nection gives a wide speed range from creeping speed to 
rated speed with maximum voltage. The motor is usually 
shunt-wound ; for a given generator voltage, therefore, the 
speed of the motor is constant regardless of load. 

Such a drive has a constant torque rating because the 
motor field is of constant strength. By reversing the fields. 
of the generator, the rotation of the motor may be reversed. 
In the case of a large motor in which armature currents 
are high and armature resistance losses excessive, this 
method obviates the necessity of switching heavy currents, 
as all the control is obtained by manipulation of field 
circuits involving low currents and low resistance losses. 
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FIG. 6. SIMPLIFIED DIAGRAM OF CONNECTIONS OF A VARI- 
ABLE VOLTAGE DRIVE 
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CoMBINATION OF METHODS 
In order to obtain wider speed range or to meet drive 
conditions more effectively, a combination of two or more 
of the above methods is sometimes used. To give a wider 
speed range, to obtain slow speeds for machine adjustment 
or to lessen motor costs, armature and field control are 
often combined. With the variable voltage system, gen- 
erator costs can be lowered by using field control on the 
motor and it is also possible to get a better speed regula- 
tion than can be obtained with voltage contrel alone. It 
should be noted that when any method of armature volt- 
age control is used, a constant torque rating is obtained ; 
when motor field control is used, constant horsepower 
rating results. That is, if the speed range is divided 
between two systems, the characteristics of each system 

predominate over its portion of the range. 


SERIES-PARALLEL CONTROL 

When two motors or groups of motors are connected 
in series across the line for acceleration to half speed and 
then are connected in parallel for acceleration to full speed, 
the method is called series-parallel control. To prevent 
one motor from accelerating faster than the other, thus 
giving unequal distribution of load, the two must be con- 
nected mechanically. 
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SPEED OF THIS MOTOR IS ADJUSTED BY SHIFTING 
ARMATURE MECHANICALLY 


FIG. 8, 


This system is used extensively in electric railway con- 
trol and can also be adapted to industrial railways, mining 
locomotives, electric trucks and similar cases. Since these 
applications are highly specialized and the controllers 
complicated, they will not be discussed here. ‘ Connections 
for three methods of control are shown in Fig. 7. 


SPEED ConTROL BY MECHANICAL METHODS 


Thus far all the methods of speed control described 
have caused electrical changes by means of external resis- 
tors and controllers. A recently developed method of 
varying the speed entirely by mechanical means is shown 
in Fig. 8. With this device, speed adjustment is obtained 
by shifting the armature along its own axis away from its 
normal running position, without disturbing the main 
shaft or pulley. With the armature at normal position the 
motor operates at its minimum speed, but as it is shifted 
out from under the main poles, the flux cut by the arma- 
ture coils is decreased in proportion; also the air gap is 
increased because the armature and field core are slightly 
tapered as shown. Thus, as the field flux is reduced, the 
armature must speed up to maintain the counter-e.m.f. 
The further the armature is shifted, the faster it revolves. 


Characteristics of A. C. Motors 


EssENTIALLY, THE A.c. Motor 1s A ONE SPEED MACHINE. TYPES — 
ArE Burtt, HowrEver, THE SPEED OF WHICH Can BE CHANGED 


LTERNATING CURRENT motors are classified as; 

(1) Single-phase series; (2) Polyphase induction ; 

(3) Polyphase Synchronous and (4) Brush shifting poly- 
phase commutator. The single-phase series motor is essen- 
tially a direct-current series motor, which has been slight- 
ly modified for use with alternating current. Characteris- 


tics of the series motor are: speed varies approximately in- 


versely as the load, starting torque is high, power factor 
decreases with increasing load but increases with rising 
speed, and the direction of rotation may be reversed by 
reversing armature leads with respect to the field. 
Modifications of the series motor are: (a) The 
neutralized series motor in which the power factor rises 
with rising speed and decreases with increase of load and 
in which commutation is improved. (b) Self-excited 


series induction motor with rotor excitation (repulsion 
motor). This machine consists essentially of a single 
stator winding and a rotor carrying short circuited brushes 


placed at an angle with respect to the main field. Small 
angularity gives the greatest starting torque. The power 
factor of this motor is good. (3) Single-phase shunt 
motors (single-phase induction motor). Motors of this 
type require some special provision for starting. The com- 
mon method is by phase splitting. The motor windings 
are as in a three-phase motor and the rotor is of the 
squirrel cage type. The phase splitting is accomplished 
with the help of a resistance and a reactance. The power 
factor of this machine is comparatively low. 


Smatt Motors May Be THrown Dtrectity Aoross 
THE LINE 

Polyphase induction motors are of two general types, 

distinguishable one from the other by the type of winding 

on the rotor. The most common type is the squirrel cage 

motor the secondary winding of which consists of bare 

copper bars passing through the rotor slots and terminat- 
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FIG. 1. DIAGRAMMATIC SCHEME OF A NEUTRALIZED SERIES 
MOTOR 
FIG. 2, SCHEME OF A SELF-EXCITED SERIES INDUCTION 
(REPULSION) MOTOR 





ing at each end in short-circuiting rings. The synchronous 
speed of the squirrel cage motor is fixed and practically 
constant. The actual speed is less than the synchronous 
speed by the amount of the slip. This type of motor will 
develop from 125 to 250 per cent of full load torque in 
starting. Small motors may be thrown directly across the 
line in starting and in some cases large motors may be 
started in the same way. Large motors, however, are usu- 
ally started under reduced voltage. 

Squirrel cage induction motors are extremely simple, 
having no wearing or rubbing surfaces except the bear- 
ings. They are rugged, simple to maintain and their first 
cost is low. They are especially adapted to all classes of 
constant speed drives which require moderate starting and 
running torques, especially where frequent starting is 
necessary. 

Wound-rotor or slip-ring motors are induction motors, 
which are provided with a wound rotor of comparatively 
high resistance. The rotor windings are similar to those 
of the stator and terminate at collector rings which are 
used to connect the rotor to external resistances. The rotor 
usually has three-phase secondary windings, regardless of 
the number of phases in the primary winding. 

Efficiency of this type of motor differs but little from 
that of the direct-current, shunt-wound motor. Its effi- 
ciency is good unless speed regulation is attempted. The 
power factor for the wound-rotor motor is much higher at 
starting than for the squirrel cage type but varies with 
the torque developed rather than with the horsepower 
developed. i 

Polyphase wound-rotor induction motors are well 
adapted to frequent starting service, such as is found on 
elevators, cranes and hoists. It gives either a high start- 
ing torque or moderate torque with low current. 





FIG. 3. BARS AND END RINGS CONSTITUTE THE WINDING OF 
A SQUIRREL CAGE INDUCTION MOTOR 


























FIG. 4. SCHEME OF A THREE-PHASE SQUIRREL CAGE 
INDUCTION MOTOR 
FIG. 5. ROTORS OF POLYPHASE INDUCTION MOTORS ARE CON- 
NECTED TO AN EXTERNAL RESISTANCE BY MEANS 
OF COLLECTOR RINGS 
FIG. 6. SYNCHRONOUS MOTORS ARE EXCITED BY DIRECT 
CURRENT TO THE FIELD, WHICH IS USUALLY 
THE ROTOR 


Polyphase synchronous motors are, in general, similar 
to the revolving field generator. The stator consists of 
distributed phase windings which are similar to those of 
the a.c. generator and the polyphase induction motor. 
The rotor is made up of radial pole pieces which are mag- 
netized by direct current brought in through collector 
rings from an outside source. 

Speed of the synchronous motor is the same as the 
speed of the revolving field and it is determined by the 
circuit frequency and the number of poles per phase in the 
stator winding. The speed is equal to 120 times the cycles 
per second divided by the number of poles per phase, 

Direction of rotation is determined by the direction of 
the revolving field. The excitation current is especially 
furnished by a small direct-current generator either direct 
connected to the motor or belt driven from the motor 
shaft. 

Synchronous motors may be operated in any one of the 
three following ways: (a) To carry mechanical load only ; 
(b) as synchronous condensers for power factor correction 
with no mechanical load; and (c) to carry a mechanical 
load and at the same time correct the power factor. In the 
earlier forms of synchronous motor it was customary to 

















FIG. 7. BRUSH SHIFTING A.C. MOTORS ARE ADAPTABLE TO - 


VARIABLE SPEED REQUIREMENTS 
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FIG. 8. -CONSTANT SPEED, A.C. MOTORS ARE NOW CON- 
STRUCTED WHICH INHERENTLY CORRECT THE 


POWER FACTOR 


accelerate them to synchronous speed by means of a small 
induction motor. At the present time, however, the self- 
starting motor is built which functions at starting as an 
induction motor, thus attaining to within 3 to 6 per cent 
of synchronous speed. Then, if the load is not too heavy, 
the motor will pull into step when thrown in as a syn- 
chronous motor. 

Modern synchronous motors are high in efficiency and 
are reliable as to stability. Their power factor is high and 
they are of great value for power factor correction. The 
synchronous motor is commonly used in motor-generator 
and frequency-converter sets and is rapidly coming into 
favor for driving fans, pumps, compressors, blowers, 
grinders and other applications where constant speed is 
required. 

Consistent with demand for an efficient alternating cur- 
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rent motor, which will afford speed control in small incre- 
ments over a wide range, there has been developed the 
brush-shifting type of adjustable-speed polyphase commu- 
tator motor. The stator of this motor is similar to that 
of an induction motor and the motor is similar to that of 
a direct-current motor, except that the commutator is rel- 
atively large and there is a brush yoke for each pair of 
poles. A series transformer is used to step down the vol- 
tage for the armature. The secondary of the transformer 
is connected for three phases and the armature has three 
sets of brushes ‘per pole. 

Commutation of this motor is better on 25-cycle cur- 
rent than it is on 60-cycle current. The speed range de- 
pends upon the service, the reduction in speed being about 
40 per cent of the maximum speed. The efficiency at 
reduced speed is somewhat better than that of the induc- 
tion motor while the power factor at reduced speeds is 
lower. This motor has good starting performance and can 
be used wherever the wound-rotor induction motor can be 
used but the first cost is relatively high. 

Recent developments have led to a new type of con- 
stant-speed, alternating-current motor, which is known as 
the Fynn-Weichsel motor. It will carry 150 per cent load 
without falling out of step. Above this value it drops into 
induction motor characteristics and continues to run as a 
slip-ring motor, to the breakdown point of approximately 
300 per cent load before it stops. 

Thus it is seen that this motor combines the character- 
istics of both the slip-ring induction and the synchronous 
types. With the windings provided on this motor the 
power-factor at no-load is 65 per cent leading, at one-half 
load 80 per cent leading, at full load 92 per cent leading, 
at one and one-half load the power-factor is unity and the 
motor is then about to drop from synchronous to induction 


‘speed. 


Methods of Controlling Speed of A. C. Motors 


EXTERNAL Resistors, AUXILIARY WINDINGS AND CommutTatTine Motors 


GIvE WIDE SPEED RANGE. 


T HAS been shown that the induction motor is essen- 

tially a constant-speed machine, which does not lend 
itself to speed adjustment as well as the d.c. motor. For 
a restricted range of applications, however, the speed may 
be varied. In taking up some of the ways in which this 
may be done, discussion of starting devices will be com- 
bined with discussion of controllers. 
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STARTING THE SQUIRREL CAGE Motor 
In starting a squirrel-cage motor, the machine is not 
thrown directly across the line unless it is designed espe- 
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PUSHBUTTON STATION SCHEME OF. ECONDARY 


ECTIONS 


SEQUENCE OF 


Induction Motor 


Secondary Resistance 


WIRING OF AUTOMATIC CONTROLLER FOR THREE- 
PHASE INDUCTION MOTOR 


FIG. 3. 


cially for full voltage starting. Starting is usually done 
by means of a compensator, a wiring diagram of which is 
shown in Fig. 1. In this starter, auto-transformers reduce 
the voltage until the motor has reached approximately 
half speed and then, when the switch is thrown to the run- 
ning position, full line voltage is applied. 

Overload and low-voltage protective devices are fre- 
quently incorporated in compensators, as shown in Fig. 1. 
When the load on the motor rises above normal, thus re- 
quiring more than normal current, the trip coils operate to 
throw the contacts out by means of a toggle joint mechan- 
ism and the motor-stops. Similarly, if the voltage falls 
below a predetermined value, the solenoid of the no-volt- 
age release is de-energized, dropping the core and mech- 
anically throwing the contacts out of circuit. 


THE Sirp-RiInc or Wounp-Rotor Moror 


In order to construct a variable-speed induction motor, 
advantage has been taken of the fact that torque depends 
on the resistance of the rotor. An induction motor is made 


with a wound rotor, the ends of the windings being brought _ 


to slip-rings so that the resistance of the rotor circuit can 
be changed by insertion of resistors with a suitable con- 
troller. The speed variation thus obtained dissipates energy 
in the resistances used in the secondary or rotor circuit. A 
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FIG. 5. CONNECTIONS FOR BRUSH-SHIFTING VARIABLE- 
SPEED MOTOR 


further disadvantage of this method is that, although the 
motor resistances may be laid out to give five or six steps, 
the actual speed on any one step will vary, except when the 
load has constant torque characteristics. Connections for 
this type of slip-ring motor are shown in Fig. 2, using a 
modern dial controller. A wiring diagram of automatic 
remote control equipment for the same service appears in 
Fig. 3, with two types of controllers shown in Fig. 4. In 
this case, the controller is operated by a pilot motor actu- 
ated by forward and reverse relays, which are in turn con- 
trolled by push buttons located on the operating floor. 


Motti-Sreep SquirrREL Cace Motors 

By providing two or more windings in the stator of a 
squirrel-cage motor, the number of poles can be changed 
and the synchronous speed of the motor will then depend 
on the winding used. A suitable controller is provided to 
throw the windings into circuit. In most cases, four such 
windings constitute the limit of this development; even so, 
the added complications increase considerably the cost of 
the machine. 


PRIMARY VOLTAGE CONTROL 
The slip of a squirrel-cage motor and in consequence 
the speed, may be varied by changing the voltage applied 
to the primary windings. The line voltage may be re- 
duced either by means of an auto-transformer or by meaus 
of resistance in the primary circuit. 





BRUSH-SHIFTING MOTOR DRIVING INDUCED DRAFT 
FAN AT HELL GATE STATION 


FIG. 6. 
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A new type of motor that is coming rapidly into use for 
adjustable speed service is the brush-shifting polyphase 
commutator motor, which has been discussed above. 
connections for this motor are shown in Fig. 5. The volt- 
age to be commutated is reduced by the transformer, which, 
on account of its saturation characteristics, limits the no- 
load speed of the motor to a safe value, usually about 150 
per cent normal. 


WEsTINGHOUSE-ScHaRGE ComMMuTATING Moror 

Another development for adapting the induction motor 
to variable-speed service is the Westinghouse-Scharge type 
of commutating a.c. motor. This machine, in addition to 
having the primary on the rotor and the secondary on the 
stator, inverse to the winding of most induction motors, 
has also a regulating winding on the rotor, placed in the 
same slots as the primary and connected to a commutator. 
The primary winding is connected to slip-rings. Two sets 
of brushes on the commutator are connected in series with 
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FIG. 7. CONNECTIONS OF SCHARGE COMMUTATING MOTOR 


the stator windings. A diagram of these connections ap- 
pears in Fig. 7. 

With the brushes in the same relative position on the 
commutator, the machine operates much the same as an 
induction motor. The regulating winding is fed by trans- 
former action from the primary coils in the same slots. 
The voltage between brushes will be constant but the fre- 
quency will vary with the rotor speed and will equal the 
slip frequency, as the brushes are stationary. This volt- 
age, therefore, is added to that of the secondary windings. 
The speed will then change until the voltage induced in 
the secondary is equal and opposite to the commutator 
voltage. If the voltage taken from the regulating wind- 
ings by shifting the brushes aids the secondary voltage, the 
motor will operate above synchronous speed, while, if it 
opposes the secondary voltage, the speed will be below this 
point. 


CASCADE SETS 


A number of synchronous speeds can also be obtained 
from two induction motors rigidly connected on the same 
shaft, by the use of what is known as the cascade connec- 
tion. One of the motors must have a wound rotor and the 
two usually have a different number of poles. Hither mo- 
tor may be run alone, thus giving two synchronous speeds. 
Each motor may be built with multi-speed connections of 
the stator windings, thus giving four synchronous speeds 
on each. By connecting the secondary of the wound-rotor 
motor to the primary of the second motor, the set will 
operate under a voltage at variable frequency. 


In general, the speed of a cascade set equals: (cycles 


X 120) -—- (P, + P,), in which P, and P, are the num- 
bers of poles in first and second motors, respectively. When 
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both motors tend to start in the same direction, the direct 
cascade effect results and the plus sign is used in the above 
formula. When they tend to start in opposite directions, 
differential cascade results. With the latter connection, the 
set must be brought up to speed with the second motor 
alone; then the speed is reduced with the cascade connec- 
tion. A number of speed changes may be obtained without 
opening the primary circuit by introducing resistors and 
cutting them out in steps. Cascade connections are com- 
monly used with large units, where special speed ratios are 
desired, or where a high primary voltage would make it 
inconvenient to switch currents in a multi-speed motor. 


OrHER METHODS oF SPEED CONTROL 


Although the methods described are in most common 
use, they afford only a comparatively limited range of 
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speed control with induction motors. Beyond the employ- 
ment of controllers, and in some cases remote-control 
equipment with magnetic control, these methods are not 
unduly complicated. In special cases, however, with large 
units, a much wider range of control is desired than can 
be obtained in this way. In such cases, dynamic control, 
using the Kramer, Scherbius or frequency converter sys- 
tem, can be applied. Dynamic control is the name given 
to all methods of speed control in which auxiliary ma- 
chines generate a counter-e.m.f. in the secondary circuit, or 
transfer the slip energy of the main motor back to the 
supply source, or convert it to mechanical power at the 
shaft of the main motor. 


Tur Kramer System 


In this system a rotary converter transforms the slip 
energy of the main motor into direct current, which may 
then be used in a direct-current motor.connected either 
as part of a motor-generator set or to the same shaft as 
the induction-motor drive. Connections for this system 
are shown in Fig. 8. 

In starting, the main motor is first accelerated and 
operated in the usual way with external resistors in the 
secondary circuit. Then the induction motor of the motor 
generator set is started, the field of the direct-current 
unit is reduced to zero and normal field current from 
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the exciter is placed on the converter, which is at rest. 
Next, by closing switch B, the d.c. side-of the converter 
and the d.c. motor of the motor-generator set are con- 
nected. The transfer switch is now thrown to cut out 
the resistors and cut in the a.c. side of the converter, which 
starts to run slowly in synchronism with the slip of the 
main motor. Now, by varying the field of the direct-cur- 
rent machine, a voltage from the converter is impressed on 
the secondary circuit (rotor) of the main motor; if this 
voltage is a counter-e.m.f., the speed of the main motor 
will be below its synchronous speed, while if this voltage 1s 
added to that of the rotor, the speed will be above syn- 
chronous speed. With a given rheostat setting, the main 
motor runs at constant speed, with characteristics much 
like those of an adjustable-speed d.c. shunt motor. 


ScHERBIUS SYSTEMS 

By introducing into the secondary circuit of the main 
motor, which must be of the wound-rotor type, a counter- 
e.m.f. subject to adjustment, the Scherbius system obtains 
speed control over a comparatively wide range and is 
similar in many respects to the Kramer system. The 
counter-e.m.f. is supplied by a three-phase compensated 
commutator motor mounted on the same shaft with a 
squirrel-cage induction motor of about 25 per cent of the 
capacity of the main motor. 

To change the main motor speed, the armature voltage 
of the commutator motor, which is impressed on the sec- 
ondary of the main motor, is changed by connecting to 
various taps of a transformer.. When the main motor is 
operating near synchronous speed, the secondary voltage is 
small, the voltage across the transformer is small and the 
excitation of the fields approaches zero; thus the main 
motor can not run at synchronous speed. 

In order to overcome this condition, the ohmic drop 
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exciter, mounted on the main motor shaft, produces con- 
stant voltage at slip frequency; the phase rotation of this 
voltage changes as the speed passes through synchronous 
speed, when direct current is produced. This exciter sup- 
plies just enough excitation to the main motor fields to 
overcome the resistance drop in the latter with all values 
of field current. 


THE FREQUENCY CONVERTER SYSTEM 

This system, similar to the preceding two in that a 
counter-voltage at slip frequency is introduced into the 
main motor secondary, can be applied to give either con- 
stant torque or constant horsepower. 

In the constant torque arrangement, the frequency con- 
verter is mounted on the same shaft as the main motor. 
The collector rings of the converter take power from the 
main line, and the brushes deliver either 3-phase or 6-phase 
voltage to the collector rings of the main motor through 
adjustable resistors. Thus the slip energy of the main 
motor is converted in frequency and returned to the sys- 
tem and the voltage produced at the brushes of the con- 
verter acts as a counter-e.m.f. by adjustment of which the 
speed of the main motor can be varied. 

Constant horsepower operation is more frequently de- 
sired than constant torque; moreover, in the set described 
above, the converter must be of a special type to run at 
the speed of the main motor. With the constant horse- 
power system, however, the frequency converter is driven 
separately at constant speed by a small synchronous motor, 
Another synchronous motor, mounted on the main motor 
shaft, is made to produce an adjustable voltage by con- 
trolling its excitation. An adjustable voltage at slip fre- 
quency is the result, which can be applied as a counter- 
e.m.f. to the slip rings of the main motor and can be varied 
to change the speed. 


Types of Motors for Different Uses 


CoMPARISON OF THE SYNCHRONOUS MoToR AND THE SQUIRREL CAGE INDuc- 
TION Motor. BrusH SHIFTING TypEs. SPEED-LOAD CHARACTERISTICS 


LTERNATING-CURRENT MOTORS, like direct- 
current motors, are made in a number of different 
types, each type possessing certain well defined character- 
istics of design and performance which adapt them to cer- 
tain purposes. For the purpose of studying these char- 
acteristics, it may be convenient to list the four principal 
load-speed requirements as follows: 1. Constant speed, 
variable load; 2. Variable speed, constant load; 3. Con- 
stant speed, constant load; 4. Variable speed, variable load. 
Notwithstanding these four requirements and the more 
or less general application of alternating-current motors 
to all of them, it is a fact that the alternating-current 
motor is inherently a constant speed machine. It is pos- 
sible, however, to modify the inherent constant speed 
characteristics of certain types of alternating-current mo- 
tors by several methods and they are today being used for 
variable speed service with considerable success. 
Alternating-current motors may be classified accord- 
ing to types as follows: 1. Synchronous motors; 2. In- 
duction motors; 3. Synchronous induction motors; and 
4. Commutating type a. c. motors. The first two types 
mentioned are most widely used in commercial practice. 
The third is an attempt to combine the favorable fea- 
tures of each of the first two types mentioned in one ma- 


chine and, so far as its commercial use is concerned, is a 
comparatively new development. There is a distinct need 
for this type of motor, however, and its further develop- 
ment will no doubt greatly extend its use. The com- 
mutating type of a.c. motor is similar to the d.c. series 
motor and, while it gives excellent satisfaction for certain 
types of service, the complications introduced in its con- 
struction by the necessity for using a commutator impose 
limitations as to its more general use. 

Comparison of the synchronous motor and the squirrel 
cage induction motor shows certain advantages in either 
type which make the problem of deciding which to use a 
matter of inquiry into the special requirements of each 
installation. From a mechanical standpoint, there is no 
question that the induction motor, with its absence of slid- 
ing contacts and its simply constructed rotating member, 
lends itself to more severe service than the synchronous 
motor with its more complicated rotor. 

Viewed from an electrical standpoint, the induction 
motor also has the advantage of simplicity, little auxiliary 
apparatus being required for its operation and little atten- 
dance being necessary after. the machine is once started. 
No skill of the operator can change its operating character- 
istics so long as the load does not exceed the capacity of 
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the motor. The synchronous motor, on the other hand, 
must have a separate direct-current exciter or source of 
excitation, with rheostats and field switches and when in 
operatién requires a certain amount of attention. 

The induction motor, at a given load, operates at a 
constant power factor, which is always lagging. The 
lighter the load, the greater the lag. The power factor of 
the synchronous motor is within control of the operator 
and can be made unity or lagging or leading. It is quite 
possible, however, through carelessness, to obtain a poorer 
power factor with the synchronous motor than is inherent 
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FIG. 1. SPEED AND TORQUE CHARACTERISTICS OF A SLIP- 
RING MOTOR APPLIED TO A CENTRIFUGAL PUMP 


with the induction motor, hence responsible operators are 
essential. : 


ConsTANT SPEED SERVICE 


Both the induction motor and the synchronous motor 
are suitable for use on constant speed-constant load and 
constant speed-variable load service. 

The speed of a synchronous motor is a function of the 
frequency of the applied voltage and, as long as this fre- 
quency remains constant, the speed will be the same. In a 
synchronous motor, as in a d.c. motor, the electromotive 
force that causes a current to flow through the machine is 
the difference between the impressed e.m.f. and the counter 
e.m.f. of the motor itself. At no load, the armature of the 
motor is very nearly in synchronism with the alternator 
and the counter e.m.f. of the motor is nearly equal and 
opposed to that of the alternator. If there were no losses 
in the motor, the counter e.m.f. would be equal and op- 
posite to the impressed e.m.f. and no current would flow. 
As the load is applied, however, the armature of the motor 
will lag a small fraction of a cycle behind that of the 
generator and the counter e.m.f. will no longer be in exact 
opposition to the impressed e.m.f. The result is that there 
will be a current of a magnitude such as to produce the 
torque necessary to enable the motor to carry its load. The 
greater the load on the motor, the greater the lag on the 
armature, hence, the greater the difference in phase be- 
tween the applied potential and the counter e.m.f. This, 
in turn, permits a larger current to flow to supply the addi- 
tional torque required. If, however, the load becomes too 
great, the slipping behind of the armature will reach the 
point where the motor will be thrown out of synchronism, 
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and the motor will come quickly to a stop. This is called 
the breakdown point. 

Now, the induction motor also has a breakdown point 
and, just as in the case of the synchronous motor, will 
stop, if the normal load is exceeded beyond a certain point. 
There is this difference between the two types, however; 
the synchronous motor will not start, if load is decreased 
after the breakdown point has been reached, whereas the 
induction motor will. 

Synchronous motors, therefore, are most suitable for use 
on constant speed-constant load service where an occasional 
shut-down will not affect other equipment. Where the 
variation in load is not too great, they may also be used 
on constant speed-variable load service. 


ConsTANT SPEED-VARIABLE LOAD SERVICE 


Because of its poor regulation, the squirrel cage in- 
duction motor is well suited to constant speed—variable 
load service. Its change in speed between rated load and 
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no load is from 3 to 5 per cent depending upon the capacity 
of the machine. Like any other type induction motor, it 
will “pull out” at some certain torque, if overloaded, but 
this point is usually from 2 to 4 times rated full load 
torque, so usually it will take care of any ordinary varia- 
tion in load that may be expected. 

Of all types of electric motors, this type is the most 
simple and rugged in construction. There are no sliding 
electrical contacts, consequently there can be no sparking. 
These features make this motor particularly suitable for 
operation in places where there are inflammable gases or 
dust. It is excellently adapted for all classes of constant 
speed drives which require moderate starting and run- 
ning torques and where starting is infrequent. The great 
majority of fixed speed drives fall into this class. Because 
of its simplicity and lower first cost, the squirrel-cage motor 
is generally preferred to the direct-current shunt motor 
for constant speed duty. 

If a higher starting torque is desired in a squirrel- 
cage induction motor, it may be obtained by building the 
rotor with a fairly high resistance. It is possible to do 
this in the small and moderate sizes and motors of this 
type may be used to advantage where starting conditions 
are somewhat severe. They are less efficient, however, and 
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are, therefore, not well adapted for steady heavy loads. 
Motors with sufficient rotor resistance to give 15 to 20 
per cent slip at full load may be connected directly across 
the line in starting. 


VARIABLE SPEED SERVICE 


It has been shown that the squirrel cage motor is essen- 
tially a constant speed machine and, therefore, is not ap- 
plicable to such drives as require variations in speed. It 
is possible, however, to vary speed of the induction motor 
by several methods, some of which are quite complicated. 

Of the various means available perhaps the best known 
method is the use of a wound rotor. Another method is 
by the use of two or more windings on the stator of the 
squirrel cage motor which permits changing the speed by 
changing the number of poles. 


Wovunp Rotor Inpuction Motors 


In performance, the polyphase wound-rotor induction 
motor is similar to the shunt-wound, direct-current motor 
with regulating resistance in the armature circuit. At 
starting it produces about full-load torque with about full- 
load output. When running, with secondary resistance in 
circuit, its speed varies with the load as does that of a 
direct-current shunt-wound motor with regulating re- 
sistance in the armature circuit. This motor is usually 
started with a high resistance in the rotor circuit and is 
operated with less resistance in circuit or with all the 
external resistors short-circuited. Where the wound rotor 
motor is selected primarily because of its superior start- 
ing performance, it is usual to short circuit all the exter- 
nal resistance as the motor accelerates. 

If a controller is arranged for varying the resistance in 
the secondary of the motor, its speed can be adjusted to a 
required value at a given torque. The speed, however, will 
change with the torque and for that reason the motor is 
called a varying speed motor as distinct from an adjustable 
speed machine. 

The fact that the speed varies with the torque require- 
ments is a disadvantage for, while the slip-ring resistances 
may be laid out to givefive or six speeds, the actual speed 
on any one of the steps will not be constant unless the 
load itself has constant torque characteristics for each step. 


SINGLE-PHASE BrusH-SHIFTING Motor 


At the beginning of this article we mentioned the com- 
mutating type of a.c. motor. This is similar in construc- 
tion and characteristics to the series d.c. motor and will 
operate on both direct and alternating current. It is for 
this reason often referred to as the universal motor. Its 
speed may be varied by means of an arrangement whereby 
the brushes may be shifted. With this type of motor, the 
speed varies inversely with the load. Because of this fact 
the load is .a vital factor in speed regulation and the motor 
must be correctly loaded to give the most desirable speed 
control. Since the motor has no synchronous speed, it will 
attain excessively high speed when operated without load. 


PoLyPHAsE BrusH-SHiFt1ne Motor 

Recently, some interest has been taken in the develop- 
ment of a new type of alternating-current commutating 
motor for variable speed service. The principle of this 
motor is similar to that of the wound-rotor induction motor 
except that, in addition to the slip rings, it has a com- 
mutator. With this motor, the speed is also varied by 
shifting the brushes. The speed range thus obtained de- 
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pends in part on the service. If the load is light, it is 
impossible to vary the speed widely without rather unstable 
conditions. If the load at all speeds is heavy, the allow- 
able degree of brush shift is restricted by the limited 
torque capacity of the motor. Under ordinary conditions a 
reduction to about 40 per cent of maximum speeu is per- 
missible. 
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TYPES OF MOTORS WHICH ARE USUALLY USED IN 
POWER PLANT APPLICATIONS 


FI@. 3. 


This motor is available in standard sizes of from 5 to 
40 hp. Larger machines can be built, however, the capac- 
ities being limited by commutation considerations. Its 
principal advantages are its relatively high efficiency, good 
starting performance and the fact that it affords an infinite 
number of speed adjustments within its range. The prin- 
cipal disadvantages are its high cost and greater com- 
plexity. 

From the foregoing, it is evident that no hard and 
fast rules can be laid down as to the type of motor to use 
for a particular type of drive. The type to be selected will 
vary considerably with the requirements of each installa- 
tion. In Fig. 3 is shown a table which shows the type of 
motors which are usually used in power plant applications. 
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Details of Alternating-Current Motors 


Cores, FRAMES AND WINDINGS OF SQUIRREL 
Cacr, WounD Rotor AND SyNcHRONOUS MoTors 


NDUCTION and synchronous motors are similar in 

some of their details of construction but distinctively 
different in others, so that each will be given separate con- 
sideration in order to give a clearer conception of their 
construction. 

Essentially, induction motors consist of two members, 
the stator and the rotor. The stator or stationary part is 
made up of the primary windings supported in a core of 
laminated steel stampings which are clamped together and 


FIG. 1. PART SECTION OF SQUIRREL CAGE INDUCTION MOTOR 
SHOWING ESSENTIAL FEATURES OF CONSTRUCTION 


held firmly to a cast-iron or steel frame which may also 
carry the bearings through end brackets, though in large 
motors the frame rests on a bed plate and the bearings 
are supported on pedestals. The rotor is built up on the 
shaft to which it is keyed. In small motors the core, con- 
sisting of laminated steel disks, is mounted directly upon 
the shaft but in larger motors a cast-iron or steel spider 
is used to support the core upon the shaft. Spacers are 
used in large cores to permit the passage of cooling air 
and fan blades are usually attached to the spider to force 
air through the windings. 

In general, two types of windings are used on the 
rotors of induction motors. The simplest and most com- 
mon is the squirrel cage which consists of two copper rings 
connected by bars placed in slots in the surface of the 
rotor core. Those known as wound rotors have form wound 
coils and are similar to revolving armatures of a.c. genera- 
tors. The coils are usually connected to slip rings and 
these through brushes and leads to an external resistance 
which may be cut in or out to give variation in speed and 
torque of the motor. 

Core stampings for the stator usually take the form of 
annular rings with the coil slots on the inner surface of 
the core; on the outer surface are dovetailed or semicircular 
slots to hold the laminations from turning in the frame. 
In the case of large motors, the stator core is built up of 


stampings extending over only an arc of the circumference, 
these stampings being held to the frame by dovetailed pro- 
jections, bolts or pins and the joints between segments 
being staggered to give a continuous magnetic circuit. 


FIG. 2. WITH THIS TYPE OF FRAME THE ENTIRE. OUTER 
SURFACE OF THE STATOR CORE IS EXPOSED TO THE 
ATMOSPHERE 


Spacers are placed at regular intervals through the core to 
provide ventilation. The coil slots may be open or partly 
closed, depending upon the type of coils used. 

The function of the frame is to support the stator core 
and prevent it from turning. In most designs, it consists 
of a cast-iron or steel cylindrical housing with feet cast in- 


Outer Bushing: Rotate 180° 
to Re-center Rotor 


Inner or Guide Bushing 
Remains Stationary 


FIG. 3. SLEEVE BEARING OF RING-OILING TYPE 


tegral. Inward projections on the housing serve as rein- 
forcing ribs to which the core is attached, also to provide 
air space between the frame and the core, holes being cast 
in the body of the frame to allow the escape of air heated 
by the losses in the motor. In some designs the frame con- 
sists virtually of two flanges between which the core is 
clamped by long bolts thus exposing the entire core to the 
atmosphere. 

End or bearing brackets are usually of cast iron care- 
fully machined to give true alinement of ‘the bearings and 
centering of the shaft. They are bolted to the frame and 
usually permit of turning through 90 or 180 deg. to allow 
for wall or ceiling suspension. The brackets also give pro- 
tection to the windings but allow for free circulation of 
air through slotted openings. 

Bearings used on motors are of the sleeve, ball or roller 
type, the sleeve bearing being most commonly employed. 
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The sleeve may be cast from some bearing metal such as 
phosphor bronze and reamed true to size or the bearing 


may be of wrought steel or cast iron with babbit lining. 


Sleeves are pressed into the bearing chambers and pre- 
vented from turning by dowel pins or lugs cast on the 
sleeves. The usual method of lubricating this type of 
bearing is by means of an oil ring which dips into the oil 
well below and distributes the oil through grooves from 
the top of the journal over the full length of the bearing. 


FIG. 4. GREASE-LUBRICATED BALL BEARING AND HOUSING 
WHICH CONTAINS IT 


During recent years, ball and roller bearings for motors 
have grown somewhat in favor but their fields of applica- 
tion have not been definitely established. In external ap- 


pearance there is little difference between the sleeve and 
the ball or roller bearing. Referring to Fig. 4, which is a 
typical ball bearing, it will be noted that the ball bearing 














FIG. 5.. SEVERAL TYPES OF SQUIRREL-CAGE WINDINGS 


is completely inclosed in a housing. The bearings are a 
tight press fit on the shaft and a looser fit in the housing. 
The caps have sufficient clearance to allow free rotation of 
the shaft, yet are tight enough to keep foreign matter from 
entering the bearing chamber. The grease which is used 
as a lubricant in this particular bearing exerts pressure 
from within, effectually stopping any dust from working 
through. The bearing at one end of the shaft has-no end 
play, while the other bearing permits of some floating to 
provide for the expansion and contraction of the shaft due 
to changes in temperature. Bearings may be made with 
either single or double rows of balls, the latter being illus- 
trated in Fig. 1. 


ENGINEERING 69 


Roller bearings have characteristics similar to ball 
bearings as to their housing and lubrication. They are 
more suitable, however, for use on large motors where the 
weight carried is greater. To insure true rolling in the 
bearing, the rolls always run in guides which keep them 
uniformly spaced and parallel to each other. 

Stator windings on induction motors are identical with 
those of alternating-current generators of like size and 
number of phases, which have previously been described. 
These windings take the current from the line and may be 
arranged for single, two or three-phase circuits. As with 
generators, the coils may be connected in delta or star to 
suit the needs of the service. In connecting to the line, 


FIG. 6. ROLLING THE SQUIRREL-CAGE WINDING ONTO THE 
ROTOR CORE 


it is not safe to throw the full voltage of the line on the 
motor, except in the case of very small motors, while the 
motor is at rest. The usual arrangement is to provide 
starting transformers, generally of the auto type, by means 
of which the voltage on the motor can be built up in steps 
as the motor gains speed. This arrangement cuts down the 
excessive starting current and the voltage of the line is not 
seriously disturbed. 
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FIG. 7. ROTOR BAR IN THE SHAPE OF A FORMED COIL 


Although the squirrel cage winding of induction motors 
of all manufacturers is the same in principle of operation, 
a number of different forms have heen devised principally 
for convenience in manufacture or repair. One common 
winding is that shown in Fig. 5a consisting of a series of 
rectangular copper bars, one in each slot, held in place by 
the tips of the overhanging teeth. The bars are fastened 
to the end rings, which are also of rectangular section, by 
copper rivets at each end. In addition to riveting, the 
joints are also brazed to form joints that are both me- 
chanically strong and of low electrical resistance. In an- 
other design the bars are round and after insertion.in the 
rotor the punched end rings are placed on them and the 
joints either brazed or arc welded. Rectangular bars..are 
used instead of round rods. Figure 6 shows how another 
squirrel cage-winding has been formed. from one piece of 
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copper plate and is being pressed into the slots of the 
rotor core. The winding is completed by brazing the end 
rings together. In Fig. 7 is shown a solid bar coil used 
by one manufacturer to take the place of the squirrel cage. 
These. bars have a spread equal to one pole on the stator 
and do away entirely with end rings and with riveted or 
welded joints. 


Wounp Rotors 
When the service required of a motor is such that it 
must start under load, or when a variation of speed is 
required, the wound rotor type of induction motor is used. 
In this case, the windings are similar to those on the 








FIG. 8. ROTOR FOR SELF-STARTING MOTOR 


stator, the leads connecting to three slip rings mounted on 
the shaft which make connection through carbon brushes 
to external rheostats. 

Some motors are designed to give high starting torque 
without the variable speed feature. In such cases the 
rheostat coils are usually placed within the rotor and, 








FIG. 9. SYNCHRONOUS MOTOR FIELD PROVIDED WITH WIND- 
ING FOR STARTING PURPOSES 


when the motor has reached about two-thirds synchronous 
speed, a contact device, operated by centrifugal force, short 
circuits the rheostat connections. The motor then operates 
with characteristics similar to those of the phase-wound 
type. In one make of self starting motor, both squirrel 
cage and phase-wound coils are used. The squirrel cage is 
of high resistance material and develops the torque neces- 
sary for starting. The phase winding is placed in the same 
slots outside the bars and the leads run to contacts which 
are automatically closed on each other when the speed is 
about two-thirds that of synchronism. With this arrange- 
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ment no starting resistance is used and both windings func- 
tion when the motor is running at full speed. The rotor 
shown in Fig. 8 has both coil and squirrel cage windings : 
starting torque, however, is obtained by the high-resistance 
coil winding which is short circuited by a centrifugal gov- 
ernor at about 70 per cent synchronous speed, bringing into 
action the low-resistance squirrel cage winding. 


SyncHronous Morors 


In general construction, the synchronous motor is the 
same as an alternating-current generator and the same ma- 
chine can be used for either purpose. To meet the condi- 
tions of service, however, synchronous motors are designed 
with some modifications not necessary on generators. 

One of the chief objections to the use of an ordinary 
alternator as a synchronous motor for general purposes is 
the fact that it must be started by some outside power. 
Synchronous motors of modern design have starting and 
pull-in torque characteristics secured by a winding similar 
to a squirrel cage across the field poles. 

Synchronous motors may be constructed with either 
the field or armature as the rotor. The former arrange- 
ment, however, is almost universal due to less complica- 
tion in connecting the armature windings to the line. 

In small, high-speed motors, the revolving field is built 
up of steel punchings surrounding the shaft, which when 
assembled provide grooves for holding the pole pieces, while 
in the larger sizes a cast-iron or steel spider is used to sup- 
port the pole pieces either by means of dovetailed grooves 
or bolts depending upon the rotor speed. The field poles 
are built up of steel punchings riveted together, in large 
sizes, between cast-steel or malleable-iron end plates. For 
125 v. exciting current, the field coils are usually of edge- 
wise wound copper strip, except for small motors, the 
turns being separated by insulating paper. The entire coil 
is varnished, placed between clamps and baked, making the 
coil into a solid mass. 

Exciting current is supplied to the field coils through 
two collector rings mounted on the shaft. These receive 
current through carbon brushes and leads from a direct- 
current source, the amount of excitation being controlled 
by a rheostat in the exciter circuit. 


Power Factor Control Is 
Important 


SYNCHRONOUS AND Static CONDENSERS AND PHASE 
CHANGERS ARE UsEep To REDUCE HEATING LossEs 
AND TO IMPROVE VOLTAGE REGULATION 


F A generating and distributing system is to be operated 
in an economical manner, it is necessary to maintain 
a relatively high power factor on the system. The effect 
of low, lagging power factor loads on the system is to in- 
crease the heating losses and to impair voltage regulation. 
Induction motors and other inductive apparatus take 
a component which lags behind the line voltage and thereby 
lowers the power factor of the system, while a non-induc- 
tive load, such as incandescent lamps, takes only current 
in phase with the voltage and operates at power factor of 
1.00. Induction motors are, therefore, one of the prevail- 
ing causes of lower power factor. 
Unreasonably low power factor in connection with 
motors will usually be found to be due to: (a) The use 
of motors of inferior design and construction requiring 
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larger magnetizing current than necessary; (b) use of 
motors too large for the duty they are to perform; (c) 
allowing motors to run idle or lightly loaded. 

Transformers may also affect power factor, due to the 
magnetizing current when they are unloaded or partially 
loaded. When operating at full load their effect is prac- 
tically negligible. 


METHODS OF CORRECTING POWER FACTOR 


Low lagging power factor may be raised in a number 
of ways. The use of synchronous motors, synchronous 
condensers, static condensers and phase changers are the 
principal methods. ‘ 

Due to the fact that one of the inherent characteristic 
of the synchronous motor is a power factor varying with 
changes in the exciting current, this type of motor is fre- 
quently applied with a view to improving power factor 
conditions. If such a motor is over-excited, the power 
factor will be leading, hence will aid in compensating for 
the lagging power factor of induction loads. If the full 
rated mechanical load of the synchronous motor is to be 
used, it cannot be over-excited to any great degree, as the 





FIG. 1. A TYPICAL SYNCHRONOUS CONDENSER INSTALLATION 


current drawn will be in excess of rating. Sometimes, how- 
ever, the motor which is used is larger than necessary to 
carry the mechanical load and a power factor correction is 
obtained by the proper adjustment of the field current. 

Where a synchronous motor is applied for power factor 
correction purposes only, hence carries no mechanical load, 
it is termed a synchronous condenser. When used in this 
way, the condenser supplies the magnetizing current to 
the load on a system, while the power component is sup- 
plied by the generators. 

In small synchronous condensers the corrective kv.a. 
is usually obtained by adjusting the field excitation by 
hand. Where synchronous condensers are used to maintain 
constant voltage by power factor control, as in the case of 
installations on long transmission lines, the field excita- 
tion is controlled by an automatic voltage regulator. 

In figuring on a synchronous condenser installation, it 
is necessary to have a thorough knowledge of the system, 
covering the generating capacity in energy and kv.a. aver- 
age maximum load and power factor on the generating sta- 
tions, average and maximum load and power factor on the 
feeders, system of distribution, etc.. The desirable location 
of a condenser is, of course, near the inductive load, in 
order to avoid long transmission of the reactive current 
but it often happens that a system is so interconnected and 
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the inductive load so distributed, that one large condenser 
cannot economically meet the conditions, in which case it 
may be better to install two or more smaller ones. 

Power-factor correction calculations are quite simple 
and may be best illustrated by examples. In each case 
assume an actual load of 600 kw., 0.60 power-factor. The 
apparent load is then 600 -:- 0.6 = 1000 kv.a. 

Case 1: It is desired to raise the power-factor to 0.90. 

Referring to the diagram, Fig. 2A, the reactive com- 


ponent of the load at 0.6 power-factor is 1/1000? — 600? 
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FIG. 2. VECTOR ANALYSIS OF SYNCHRONOUS CONDENSER 
CAPACITIES 


= 800 kv.a. The apparent load at 0.90 power-factor is 
600 -—- 0.9 = 667 kv.a. and the reactive component is 
V 667? — 600? = 291 kv.a. The capacity of the con- 
denser required is then 800 — 291 = 509 kv.a. A stand- 
ard 500-kv.a. condenser would evidently meet the con- 
ditions. 

Case 2: It is desired to add a synchronous motor load 
which will require 300 kw. to drive and without exceeding 
the generator capacity (1000 kv.a.) available for this 
service. Refer to Fig. 2B. 

As before, we start with an actual load of 600 kw. and 
an apparent load of 1000 kv.a., the reactive component 
being 800 kv.a. Adding 300 kw. load, the actual load 
becomes 900 kw. and, since the apparent load is to remain 
the same, the reactive component must become VY (1000? — 
9007) = 436 kv.a. We must, therefore, supply a reactive 
component, leading, of 800 — 436 == 364 kv.a. The 
synchronous motor must then be good for 300 kw. load 
and also deliver 364 kv.a. for power factor correction and 
its rating should be \/300? + 364? = 472 kv.a. A stand- 
ard 500-kw. condenser would meet this condition and, if 
operated at rated kv.a. for power factor correction, the 
apparent load would be reduced to 985 kv.a. and the power 
factor increased to 0.915. 


STARTING A SYNCHRONOUS CONDENSER 


Synchronous condenser operation follows along the 
same general lines as synchronous motor operation. The 
standard method of starting condensers is as follows: 

1. Open the field switch completely, if the excitation 
voltage of the condenser is 125 v. If the excitation voltage 
is higher than 125 v., the field switch should not be opened 
completely but left in the clips connected to the discharge 
resistance, which prevents any high induced voltage across 
the collector rings. 

2. Throw the compensator lever to “start” position. (If 
oil cireuit breakers are used, close the breaker marked 
“start.” ) 

3. After the condenser has reached constant speed, close 
the field switch, the field rheostat having been previously 
turned to the maximum resistance position, (minimum 
field current), and then adjust the field rheostat until. the 
desired armature current is obtained. This applies when 
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the field is excited from constant potential mains.. If an 
exciter is used for field excitation, normal exciter voltage 
should be obtained on the exciter by adjusting the exciter 
field rheostat and observing the voltmeter. If there is no 
voltmeter across the exciter armature, a lamp may be sub- 
stituted and the normal exciter voltage approximated. The 
condenser field rheostat should, in all cases, be set as 
stated above. 

4. Throw the compensator lever quickly to “run”  posi- 
tion. (If oil circuit breakers are used, open the breaker 
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FIG. 3. RELATION BETWEEN 


marked “start,” and after this as quickly as possible, close 
the breaker marked “run.”) 

Do not touch the collector rings, field switch, rheostat 
handwheel or brushes when the condenser is being started, 
as an induced potential of several thousand volts exists 
across the rings at the moment of starting. This voltage 
is zero at full speed. Use the lowest tap of the compen- 
sator that will start the condenser promptly and bring it 
to full speed in about one minute. 

When stopping, open the line switch and then open the 
field switch. 

AbDJUSTING OF FIELD EXCITATION 

Adjustment of the field excitation for the particular 
load conditions is an operation that requires some care. 

Excitation depends upon the service for which the ma- 
chine is intended. Figure 3 gives the so-called V curves 
of a synchronous motor, which show how the stator cur- 
rent changes with different degrees of excitation. With a 
given load, a definite excitation results in minimum arma- 
ture or stator current, a condition which corresponds to 
100 per cent power factor. At other excitations, there is 
lagging or leading wattless current, the amount depending 
upon the departure from unity power factor excitation. 
These curves show the relations for no-load operation, for 
operation with half-rated mechanical load and with full- 
rated mechanical output. The full lines apply to armature 
current values; the dotted lines show corresponding values 
of power factor. 
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Another type of condenser which is used for power- 
factor correction .is known as the static condenser. This 
is made up of metal foil between which there are insulat- 
ing paper laminations. 

When an alternating e.m.f. is applied to such a con- 
denser, a current will flow. Starting from zero voltage, as 
the applied e.m.f. rises, the condenser charges; that is, cur- 
rent is flowing into the condenser to charge it. When the 
e.m.f. reaches a maximum, current stops flowing. After 
this, as the applied e.m.f. falls, the condenser e.m.f. is 
greater than the applied e.m.f., so that current flows out of 
the condenser in a direction opposite to that when the 
e.m.f. was increasing. When the applied e.m.f. is passing 
through zero and so is changing most rapidly, the cur- 
rent flow from the condenser is greatest. From this it can 
be seen that the condenser current leads its applied e.m.f. 
by 90 degrees. Since the leading current of the condenser 














METHOD OF MOUNTING UNITS IN A THREE-PHASE 
STATIC CONDENSER 


Fic. 4. 


will compensate for the lagging current of an inductive 
load, it is possible to use this method for power factor 
correction. 

In practice, static condenser units are assembled as 
shown in Fig. 4. Each unit has two terminals mounted on’ 
insulated posts and in an inclined position is a fuse for 
each unit. The purpose of the fuse is two-fold. First, to 
provide protection for the units against the application of 
an abnormal potential; second, to provide a means of 
automatically opening the connection of any unit to the 
bus on the rack in case of failure of the unit, making it 
unnecessary to disconnect the entire equipment. These 
units are connected in parallel in three groups, just as any 
apparatus would be connected to a three-phase line. 

- Static condenser equipment for 2300-v. service consists 
of a number of condensing units, a reactance for dampen- 
ing out the higher harmonics in the voltage wave which 
would affect the corrective capacity of the units, a dis- 
charge resistance for draining the condenser charge when 
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disconnected from the line, and an oil circuit breaker for 
the control of the equipment. 

For 220, 440 and 550-v. service, a transformer is pro- 
vided to step up the supply voltage to about 1200 v. for the 
condenser in order to permit more economical use of the 
active material. 

Figure 5 shows the connections of a static condenser. 
In A of this illustration the connections are for 220, 440 
or 550-v. circuit with a transformer and the connection 
shown at B is for 2300-v. service. Where the installation 
is for higher voltages, a step-down transformer is used. 

Condensers of this type are built in capacities from 
about 30 to 300 kv.a. and for various frequencies. 

Advantages cited for the static condenser are as fol- 
lows: It is an extremely efficient device, as the losses in 
2300-v. equipment amount to not more than 1% per cent of 
the rated kv.a. capacity. In low voltage service, the use of 
auto-transformers increases the losses to about 3 per cent. 
No attendant is required to operate such a condenser. To 
place it in operation requires only the closing of the con- 
trol switch. The condenser may be left on the line inde- 
finitely with only an occasional inspection to see that it is 
operating satisfactorily. 


PHasE ADVANCERS 


The phase advancer is a machine used for power fac- 
tor correction and bears much the same relation to an in- 
duction motor that an exciter does to a synchronous motor. 
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FIG. 5. STATIC CONDENSER CONNECTIONS 

In the synchronous motor, the magnetizing field is pro- 
duced by a rotating magnet excited by direct current. By 
applying more direct current ampere turns than are neces- 
sary to produce the normal magnetic field in any particular 
machine, it is possible to create in the system, a leading 
current, which will compensate for lagging current in an- 
other part of the system, thus producing unity power 
factor. 

For the induction motor, however, direct current can- 
not be used for the magnetizing currents in the secondary 
because the motor slips under load. The magnetizing cur- 
rent must be polyphase of low frequency which corres- 
ponds in each distance to the slip of the induction motor. 

The phase advancer consists of a continuous current 
drum armature with a commiutator having three brush 
studs per pair of poles, displaced relative to one another 
by 120 electrical degrees. The stator consists of a frame 
with the laminations assembled, but having no poles or 
windings. The’ phase advancer is direct connected to a 
small squirrel cage, constant speed induction motor. The 
only driving power required is that to supply the losses 
which are comparatively low, i.e. about 1 hp. for a 600-hp., 
2000-v. induction motor. 
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In the diagram of connections shown in Fig. A is the 
induction motor; B, the phase advancer direct connected 
to its driving motor C; D, a standard controller and a 
resistance for starting ; E, a 2-pole, single-throw, short-cir- 
cuiting switch; and F, a transformer and fuses. The 
switch, E, is used to short circuit the phase advancer when 
starting the induction motor which is accomplished in the 
usual way. Motor C is started and after the motor is up 
to speed, the switch, E, is opened. 

Consider, for a moment, that the phase advancer is 
standing still and is receiving current at slip frequency 
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FIG. 6. DIAGRAM OF CONNECTIONS FOR APPLYING A ROTARY 
PHASE ADVANCER TO AN INDUCTION MOTOR 


from the slip rings of the induction motor. The phase 
advancer under these conditions acts as a 3 phase choke 
coil, the current producing a field which revolves in space 
at a speed corresponding to the frequency of the current 
supplied to the brushes. When the armature is driven in 
the direction in which the field revolves and at a speed 
corresponding with the speed of the field, the relative mo- 
tion of the field and the armature becomes zero; this is 
equivalent to the disappearance of the self inductive effect, 
and results in the current being in phase with the e.m.f. 

If, however, the armature is driven at a speed greater 
than the speed of the field, the current instead of lagging 
behind the e.m.f. will lead the e.m.f. This negative reac- 
tance e.m.f. in series with the rotor circuit of an induction 
motor is able to neutralize the reactance of the induction 
motor which formerly forced the current into a lagging 
phase. It is in this way that the condenser effect is pro- 
duced and the power factor improved. 

Phase advancers can be applied to all induction motors 
having wound rotors and slip rings, and can be designed to 
correct the power factor to unity from about 14 to 1% 
normal lead. A new motor designed to work with an ad- 
vancer can be made considerably smaller than one not 
using the advancer, due to the fact that it is cheaper to 
use a slightly greater amount of iron and considerably less 
copper in the construction of the motor. This will result 
in a cheaper machine and a worse power factor which 
defect, however, is easily corrected by the phase advancer. 
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Electrical Meas- 
uring Instruments 


DESCRIPTION OF OPERATION AND 

ADAPTABILITY OF TYPES OF IN- 

STRUMENTS COMMONLY USED IN 
MopErRN PoWER PLANTS 


NSTRUMENTS FOR THE measurement of electrical 

energy must have the characteristics of permanency ; of 
calibration; insensibility to stray magnetic fields; the 
quality of “dead-beat,” by which is meant that the in- 
strument pointer should not swing for too long a period 
after giving an indication; and, a scale which is of suit- 
able character for the work intended. 

Ammeters are connected in series with the circuit, the 
current of which is to be measured. This is done by open- 
ing up at the desired point one line of the circuit and 
placing the ammeter directly in the line. Voltmeters are 
connected at two points in the circuit, between which it 
is desired to measure the difference of potential. That 
is to say a voltmeter is shunted across the circuit cr line 
by connecting one post on the voltmeter to one side of the 
circuit and the other post to the opposite side of the 
circuit. 

Fundamentally there is no difference in construction 
between an ammeter and a voltmeter, with the exception 
of electro-static voltmeters for, in reality, all voltmeters 
are ammeters which are calibrated to read in volts. 

Many types of electrical instruments are manufactured, 
some of which are adapted to use on both direct and al- 
ternating current, and some which can be used for one 
kind of current only. The types, which are in current use 
at present, are: ‘ 
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FIG. 1, PORTABLE INSTRUMENTS MUST 
BE RUGGED AND ACCURATE 


RECORDING INSTRUMENTS FIQ. 3. 
THE VARIATION OF 
LOAD CONDITIONS 
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Soft-iron core, or electromagnetic instruments 
Hot-wire instruments 

(c) Moving coil instruments 

(d) Electrostatic voltmeters 

(e) Electro-dynamometer type instruments 

(f) Induction type instruments 

Soft iron core instruments were first brought out in 
the form in which the actuating mechanism consisted 
of a soft iron plunger which moved up and down in a 
stationary coil. An improved instrument of this type is 
the Thomson inclined-coil ammeter. It consists of a coil 
placed at about 45 deg. to the direction of the shaft. A 
vane of soft iron is mounted on the shaft, so that when the 
coil is energized it produces a magnetic flux which moves 
the vane and thus rotates the shaft to which a pointer is 
attached. Motion is opposed by a spring and a counter- 
weight balances the moving parts. 

Hot wire instruments depend, for their operation, upon 
the change in length of a wire due to its becoming heated 
when a current is passed through it. Instruments of this 
type may be used either for direct or alternating currents 
and as either ammeter or voltmeters. Shunts are ordinari- 
ly used with hot-wire ammeters for the reason that the 
allowable current through the hot wires is only about 
5 amp. The scale of this instrument is not uniform be- 
cause the heat energy put into the wire varies as the square 
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(b) 
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INSTRUMENTS OF THE ROUND TYPE 
ARE COMMONLY USED FOR MOUNT- 
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HORIZONTAL EDGEWISE INSTRUMENTS HAVE FOUND 
GREAT FAVOR FOR USE ON PANEL MOUNTING 


FIG. 4. 


of the current input. A hot-wire instrument when cali- 
brated with direct current, shows true effective values of 
alternating current. 

Moving coil instruments consist of a light coil of fine 
wire suspended between the poles of a permanent magnet. 
The movement of the coil is opposed by light springs act- 
ing in both directions. The springs may be used as con- 
ductors to the suspended coil, or separate conductors may 
be provided. This type of instrument can be made either 
as an ammeter or a voltmeter. The moving coil does not 
usually carry more than 0.02 amp. and at the same time 
the resistance of the coil is low, therefore, when used as a 
voltmeter a high resistance multiplier is connected in series 
with the coil. 


VOLTMETERS FOR USE ON HicH TENSION WorK 


Electrostatic voltmeters are based upon the electro- 
static attraction between two plates which carry opposite 
electric charges, that is, the stationary plates are connected 
to one side of the line and the moving plates to the op- 
posite side. In this way they are charged with equal and 
opposite quantities of electricity. Electrostatic voltmeters 
are must commonly used for high-tension measurements. 

Electro-dynamometer instruments consist of two coils, 
one stationary and one movable. These coils are connected 
in series and are therefore attracted by each other when 
a current flows through them. This instrument is similar 
to the moving coil type except that a coil is substituted 
for the permanent magnet, therefore the electro-dynamo- 
meter type can be calibrated with direct current and used 
for measuring both the current and voltage of alternating- 
current circuits. Instruments of this type are more readily 
adaptable as voltmeters than as ammeters because it is 
difficult to get springs, which are used as the controlling 
force to hold the movable coil at a given angle, heavy 


gis 


INSTRUMENTS ARE OFTEN MADE WITH 
ILLUMINATED DIALS 


FIG. 6. 
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FIG. 5. IT IS OFTEN AN ADVANTAGE TO MOUNT PERMA- 
NENTLY INSTRUMENTS OF THE CURVE DRAWING TYPE 


enough to carry the current and still not interfere with 
free movement of the coil. 

Induction-type instruments can be used only for the 
measurement of the current and voltage in alternating- 
current circuits. These instruments are in all respects 
similar to a small induction motor with split-phase ar- 
rangement. A pivoted aluminum cylinder is subjected to 
an inductive action in the air gap of an iron-core field 
magnet. The currents are made unsymmetrical with 
respect to the iron core by placing at one side of the core 
an electric screen or secondary coil. The combination of 
the two fluxes causes the aluminum cylinder to move, thus 
producing a deflection on the scale against the action of 
spiral springs. 

Instruments of the moving coil type are used as am- 
meters and are provided with “shunts” which are connected 
directly in the line and carry the main current. The am- 
meter, which is in reality a milli-voltmeter, is then con- 
nected across the shunt. 


Power Measurements With the 
Wattmeter 


CLASSIFICATION OF THE VARIOUS T'YPES AND THEIR 
APPLICATION. METHODS OF CONNECTING TO CIROUIT 


ATTMETERS ARE used to measure the flow of 
energy in a circuit. When used on direct current 
they show the actual power, that is volts times amperes. 
When used on alternating-current circuits they show the 
actual power but do not give any account of the reactive 
component, that is the power shown by a wattmeter on an 
alternating-current circuit is equal to volts times amperes 
times the power factor of the circuit. 
In commercial practice, wattmeters are of two classes 
according to the principle they employ (a) electrodyna- 


PORTABLE SHUNTS INCREASE THE RANGE OVER 
WHICH A VOLTMETER MAY BE USED 


Fic. 7. 
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mometer type and (b) induction type. The Thomson watt- 
meter is an example of the electrodynamometer type. It 
may be used for either direct- or alternating-current meas- 
urements. The induction type of meter is used for alter- 
nating-current measurements only. 

Wattmeters are still further classified according to 
whether they (1) indicate, (2) integrate or (3) record the 
energy flow. The indicator shows the instantaneous rate 
of flow of energy, therefore, to obtain a watt-hour deter- 
mination from an indicator, it is necessary to take a num- 
ber of readings over a stated time, average the readings 
and multiply this average by the elapsed time. The inte- 


grator, indicates on a series of dials, the watt-hours which 
have passed through the circuit being measured. Thus the 


FIG. 8, INDICATING WATTMETER OF THE PORTABLE TYPE 
difference between any two successive readings will be in 
watt-hours, which, if divided by the elapsed time between 
the two readings, will give the average number of watts 
flowing. The recorder draws a curve which represents for 
each instant the flow of power. An integration of this 
curve between given points will give a result in watt-hours. 
This may be obtained by taking a number of readings from 
the curve and averaging them. This average, multiplied 
by the elapsed time over which the readings were taken, 
will give the flow of energy in watt-hours. 


GRAPHIC WATTHOUR METERS CAN ALSO BE OBTAINED 
IN THE PORTABLE TYPE 


FIG. 9. 


It is a simple matter to measure the volts and amperes 
of a direct-current circuit and thus obtain the power be- 
cause volts times amperes equals watts. Alternating-cur- 
rent measurements, particularly in the polyphase system, 
are not so easy to obtain. 
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MEasurRING Power IN THE A. C, SYSTEM 

Power in a single-phase, a.c. system may be measured 
directly by means of a wattmeter, which will read the 
watts directly and accurately regardless of frequency, 
power factor or wave form on any commercial current. 
The power in a single-phase, a.c. system may also be ob- 
tained by multiplying volts times amperes, as obtained by 
a voltmeter and an ammeter, and multiplying this product 
by the power factor of the system; that is, watts equals 
volts times amperes times power factor. 


INTEGRATING METERS READ DIRECTLY IN WATT 
HOURS 


FIa. 10. 


In a two-phase, four-wire system, two single-phase 
meters or one polyphase wattmeter are required. With the 
former, each phase is measured separately and it may be 
considered as two independent single-phase systems. The 
total watts equals the sum of the two readings. If the 
phases are balanced, one wattmeter may be used and its 
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FIG. 11. AMMETERS ARE CUT IN ON ONE SIDE OF THE CIR- 
CUIT AND VOLTMETERS ARE SHUNTED ACROSS 
THE CIRCUIT 
FIG. 12. SHUNTS ARE OFTEN USED WITH AMMETERS AND 
POTENTIAL TRANSFORMERS ARE OFTEN USED WITH 
VOLTMETERS 
FIG. 18. CURRENT TRANSFORMERS ARE OFTEN USED WITH 
AMMETERS TO INCREASE THE RANGE OF THE 
METER SCALE 


reading doubled. For three-wire, two-phase systems the 
method and connections are the same as given for three- 
phase, three-wire systems as outlined in the paragraphs 
following. 

Probably the most convenient method for measuring 
power in a three-phase, three-wire circuit is by means of 
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the two-wattmeter method. For this measurement either 
a single polyphase wattmeter or two single-phase watt- 
meters may be used. A polyphase wattmeter consists of 
two single-phase wattmeter elements connected to a com- 
mon staff and pointer. For this reason it can be used on 
either single or polyphase circuits, the total watts indi- 
cated by this instrument giving the algebraic sum of the 
two readings. The readings are correct for either a bal- 
anced or unbalanced system at any power factor. 

Total power expended in a three-phase, three-wire sys- 
tem is the algebraic sum of these wattmeter readings. 
Care should be exercised that the instruments are con- 
nected correctly with regard to their polarities. The 
polarities shown in diagrams which come with the instru- 
ments should be followed in order that the proper relation 
may exist between the current and potential coils of the 
wattmeter. 

When the power factor of the system is above 50 per 
cent, both wattmeter readings will be in a positive direc- 
tion and the total power will be their sum. One of these 
readings will be larger than the other, except at unity 
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SINGLE-PHASE WATTMETER CONNECTED DIRECTLY 
TO THE LINE 
TWO SINGLE-PHASE WATTMETERS CONNECTED TO 
A THREE-WIRE SYSTEM 

FIG. 16. POWER MEASUREMENT WITH A POLYPHASE WATT- 

METER ON A THREE-WIRE SYSTEM 

POLYPHASE WATTMETER CONNECTED TO A 
2-PHASE, 4-WIRE SYSTEM 


Fig. 14. 


Fig. 15. 


Fig. 17. 


power factor for a balanced system, where both readings 
will be positive and equal. When the power factor of the 
system is below 50 per cent, one of the wattmeters will 
indicate in the reverse direction, (negative), and, in order 
to get its reading, its current circuit must be reversed. 
The total power in this case wil! be the difference of the 


two readings; the larger reading is always positive. Ata 
power factor of 50 per cent, one wattmeter will indicate 
zero. 

_ Power factor is the ratio of the true watts to the appar- 
ent watts. In order to determine the power factor it is 
necessary to obtain the true watts with a wattmeter and 
the apparent watts by means of the ammeter and volt- 
meter, all instruments being connected in the same circuit. 
The watts obtained by the wattmeter should be divided by 
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the amperes X volts, as obtained on these respective instru- 
ments. 

The power factor of any a.c. circuit = True Watts + 
Apparent Watts. 

Three-phase power factor = 

True watts —- Apparent Watts = Wattmeter 
Readings -- (Amps. < Volts x 1.73) 

or the power of a three-phase system, obtained by the use 
of a voltmeter and an ammeter is equal to 1.73 X E x I 





SPEED RATIO BETWEEN THE TWO DISKS IS USED TO 
DETERMINE THE POWER FACTOR 


FIG. 18. 


x P. F., in which E equals the voltage, I equals the cur- 
rent and P. F. equals the power factor of the circuit. 


INSTRUMENT TRANSFORMER CONNECTIONS 


Current transformers are used with alternating cur- 
rent ammeters, wattmeters, power-factor meters, watthour 
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meters, comperisators, protective and regulating relays, 
trip coils for circuit breaker and may be applied in any 
service where it is convenient to use current of a value 
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less than that in the main circuit but varying in direct 
proportion to it. 

In connecting up a current transformer, the primary 
or low-voltage winding of the transformer is connected 
directly in the circuit, the current through which is to be 
measured and the secondary or high voltage leads are con- 
nected to the ammeter binding posts or terminals. Thus 
a change in the value of the current in the main circuit 
gives a corresponding change in the secondary or ammeter 
circuit. For convenience in instrument design, current 
transformers are designed to give 5 amp. at full load rat- 
ing on the secondary circuit. The instrument is then cali- 
brated to read directly the current in the main circuit by 
multiplying its actual current by the ratio of current 
transformation. 

Potential transformers are used in the measurement of 
alternating current voltage. These transformers have their 
primary or high-potential winding connected directly 
across the line, the voltage of which is to be measured. The 
voltmeter is connected in the secondary circuit and is cali- 
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brated to read the voltage across the main line by multi- 
plying the actual voltage impressed on the voltmeter by the 
ratio of voltage transformation. 

Figure 19 shows the connections of instrument trans- 
formers for use with ammeters, voltmeters, wattmeters, 
synchroscopes and circuit breakers. 

TEMPERATURE OF WINDINGS 

While a generator or transformer is in operation, it is 
obviously impracticable to use the ordinary thermometer 
to determine the temperature of its coils. In modern 
equipment it is common practice to imbed thermo-couples 
in the stationary windings of important electrical equip- 
ment, placing the couples in those spots which are likely to 
become hottest during operation. The leads from these 
couples are brought out of the machine to the switch- 
board and connected to millivolt meters calibrated to read 
the temperature of the spot where the thermo-couple is 
located. By this means, the operator can keep himself 
informed at all times regarding the temperature con- 
dition of this equipment. 


Use of Special A. C. Instruments 


MEASUREMENT OF Power Factor, K1Lo-vott AMPERE-HouRS.AND FRE- 


QUENCY, 

SiNce many rate schedules for power now include 
penalties for low power factor, the use of instruments, 

of both the indicating and recording types for checking 
power factor and kilovolt-ampere-hours has become quite 
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ELEMENS'S OF THE DYNAMOMETER TYPE POWER 
FACTOR INDICATOR 


FIG. 1. 


important. Considerable development work has, therefore, 
taken place in connection with these instruments particu- 
larly in the case of kilovolt-ampere-hour meters. 


Two Typrs oF Power Factor METERS 

In the case of power factor instruments, the develop- 
ment has been along two general lines; those which involve 
the principles of the electrodynamometer and those based 
on the principle of the induction wattmeter. Figure 1 
shows the essential features of a single-phase power factor 
meter operating on the dynamometer principle. 

The arrangement is similar to that in wattmeters, ex- 
cept that two coils, A and B, are in the moving system 
instead of one. One coil, B, is connected across the line 
in series with a resistance, R, while the other coil, A, is 
connected in series with an inductance, L. The current in 
the coil, A, will therefore be about 90 deg. out of phase 
with that in coil B. When the power factor is unity, the 
reaction between the fixed coils, CC and B will be a mini- 


DETAILS OF SYNCHRONISM INDICATORS AND THEIR CORRECTION 


mum, as their currents are 90 deg. out of phase. ‘Ihe 
torque exerted on B will cause the moving system to take 
the position of minimum torque, that is, where the plane 
of B will be parallel to that of CC. The corresponding 
mark on the scale will therefore be unity. Similarly, at 
zero power factor, coil A will exert all of the resulting 
torque and cause the moving system to take a position 
where the plane of A will be parallel to that of CC; the 
corresponding indication is therefore zero. Theoretically, 
the indications will be affected by the frequency because 
the current in L depends upon the frequency but, by 
proper design of the reactor, L, the effect of moderate 
variations in frequency can be eliminated. 

In the polyphase meter, Fig. 1B, the inductance, L, is 
not required and the instrument is, therefore, entirely in- 
dependent of frequency. ‘Two or three coils are used in 
the moving system, one connected across each phase. The 
principle of operation is exactly the same as in the single- 
phase instrument, the moving system taking up a position 
where the resultant of the torques will be a minimum, 
which position will vary with the average power factor of 
the circuit. 

In one type of single-phase induction power factor 
meter, the fixed element consists of three stationary coils 
and the moving element is made up of an iron armature 
with an indicator attached to its shaft. As in the electro- 
dynamometer type, the operation is based on the interac- 
tion of a rotating and an alternating magnetic field. 

In Fig. 2 the coils M and N are fixed at right angles 
to each other with their axis in the same plane. These are 
connected in parallel across supply lines, a resistance in 
series with one of these coils and a high inductance in 
series with the other. Their currents are thus in quadra- 
ture and produce a rotating magnetic field, the speed ‘of 
which is proportional to the frequency of the supply cir- 
cuit. The armature A is magnetized by means of the 
third coil C which is in series with the load circuit, so that, 
under the influence of the load current, it takes such a 
position that the torque will be a minimum, The indi- 
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cation is the difference in degrees of power factor of the 
circuit being measured. 

For two and three-phase meters the construction differs 
somewhat but the operation is the same as that described 
for the single-phase circuit. Polyphase instruments hav- 
ing but one current coil are not dependable for measure- 
ments of power factors where voltage and currents are 
unbalanced. Where three current coils are used, the meter 
gives an average value of the power factor in the three 
phases. 























FIG. 2. INDUCTION TYPE POWER FACTOR METER 

Power factor instruments may be made indicating or 
recording. The latter type requires the addition of the 
curve-drawing device but the instrument itself is the same 
as the dial or horizontal edgewise types used in indicating 
types. 

Figure 3 shows the meter element of a recording type 
of instrument. This particular instrument is of the 


dynamometer type and, since it is polyphase, no inductance 
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USE OF TWO METERS FOR MEASURING REACTIVE 
VOLT-AMPERE-HOURS 


Fig. 4. 


or capacity is required in the electrical circuits. No iron 
is employed in the magnetic circuits. The construction 
therefore insures against errors due to varying frequency 
and wave form. 


MEASUREMENT OF REACTIVE Hours 

Watt-hour meters are ordinarily arranged to measure 
the energy component but they can be arranged to read 
reactive volt-ampere-hours. In such a case, it is necessary 
to maintain a fixed phase relation between the field pro- 
duced by the current and that produced by the voltage. 

Sometimes two instruments are used, one reading watt- 
hours and the other reactive volt-ampere-hours as shown 
in Fig. 4. It will be noted from this that an auto-trans- 
former is used with the reactive-hour meter in order to 
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secure the proper phase relation between voltage and 
current, 

When instruments are connected in this way, the aver- 
age power factor may be determined from their readings. 
If the registration of the reactive volt-ampere-meter is 
divided by that of the watt-hour meter, the quotient will 
be the tangent of the vector angle. The value of the cosine 
of that angle is the power factor. Tables and curves are 
frequently used so that it is unnecessary to use trigono- 
metric tables. 

Instruments have, however, been developed, called kv.a. 
meters, which are used for such work. In some cases they 
are nothing more than two single-phase watt-hour meters 
mounted in one case, with one of the elements arranged 
to read reactive hours. 


if 


& 





METER ELEMENT OF A RECORDING POWER FAOTOR 
METER 


FIG. 3. 


Since an instrument that will measure reactive-hours 
and power factor simultaneously must add vector quan- 
tities, it requires a rather complex mechanism. Such an 
instrument has recently been developed which is made up 
of a watt-hour and reactive volt-ampere elements. The 
recording dials, therefore, record these quantities. In ad- 
dition, the elements drive an aluminum ball which is free 
to rotate in any direction and drives another wheel by 
friction. As a result the mechanism will add vectors. It 
is said to indicate power factor, total kilowatt hours and 
total kilowatt and kilo-volt-ampere demand for any pre- 
determined time interval. 

DETAILS OF FREQUENCY METERS 

A frequency meter is an instrument designed to indi- 
cate or record the number of cycles per second of an alter- 
nating-current circuit. Construction of those in general is 
based upon two distinct principles. In the resonance type, 
strips of metal, usually steel, are fastened at one end and 
are free at the other end in much the same way as the 
reeds of an organ. These strips have different periods of 
free vibration and can readily be made to vibrate by out- 
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side impulses whose frequencies are the same. The im- 
pulses in these instruments are magnetic and are supplied 
by an alternating current flowing in an electromagnet con- 
nected to the circuit whose frequency is to be determined. 
If the natural period of the reed is not in synchronism 
with that of the alternating-current circuit, the impulses 
will, during a part of each cycle, occur so as to oppose the 
motion of the reed and the amplitude will thus be retarded. 
Slight variation from the critical condition will result in 
a noticeable diminution of the amplitude of the reed so 
that close readings are possible. 


FIG. 5. TWO-COIL TYPE OF FREQUENCY METER WITH COVER 
AND DISC REMOVED 


Most of the other types of frequency meters are based, 


upon the action upon each other of two circuits having 
different impedances which are connected in multiple to 
the alternating-current circuit to be measured. In the 
induction type, two voltmeter movements are connected so 
as to tend to rotate a disk in opposite directions. One of 
these is connected in series with a resistance and the other 
with an inductance. The impedance of the circuit of the 
inductive movement varies with the frequency, thus vary- 
ing the amount of current taken by it. The impedance of 
the non-inductive movement remains the same- with 
changes in frequency. The interaction of the two ele- 
ments will then cause the pointer to take up a different 
position on the scale for each change of frequency. 

Figure 5 shows a commercial instrument of the two- 
coil type and Fig. 6 gives an idea of the connections used. 
The movable coils and stationary coils of this frequency 
meter are, connected into a circuit composed of two re- 
sistors and a reactor with two windings as shown. One 
moving coil carries a current which varies in phase rela- 
tion with the current in the fixed coil. The resulting tor- 
ques are balanced at normal frequency and change with 
the frequency, the movement being turned one way with 
a higher frequency and the other way with a lower fre- 
quency. ‘The other coil carries a current which is not 
dependent on frequency, and serves only as a restraining 
force, as its torque depends on the angle through which it 
is turned. 

In a preceding article the methods used to parallel 
alternating-current generators were explained in some de- 
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tail. As a part of that discussion, reference was made to 
the use of synchronism indicators. 

Synchronism indicators are of two general types, the 
one which is most widely used being in reality, a motor 
whose field is supplied from one of the machines to be 
synchronized and its armature from the other. The arma- 
ture carries two coils B and C placed at a large angle (Fig. 
7) on a movable element E. These coils are connected 
to the incoming machine through slip rings. One of the 
coils of this armature is in series with a resistance R, and 
the other with a reactance, L. This arrangement generates 
a rotating field in the armature, while the stationary field 
is alternating. The armature tends to assume a position 
where the two fields coincide when the alternating field 
passes through its maximum, hence the armature and 
pointer, A, move forward or backward at a rate correspond- 
ing to the difference of frequency and the position, when 
stationary, depends on the phase relation. When the ma- 
chines are running at the same frequency and in phase, the 
pointer is stationary at a marked point. 

In construction it is like a small two-phase bipolar 
synchronous motor, the field of the stator being supplied 
with alternating current instead of direct current. The 
rotor is mounted in ball bearings in order to make it.suf- 






































it 
£ 





=e ds 





























INTERNAL WIRING OF A TWO-COIL TYPE FREQUENCY 
METER 


FIG. 6. 


ficiently sensitive and smooth in operation. Rotor coils 
are not exactly 90 deg. apart, since it is not possible to get 
the current in the two rotor coils exactly in quadrature 
without introducing condensers or other complicating con- 
struction. 

When the machines are being synchronized, the pointer 
of the instrument moves around the dial and the angle of 
the pointer’s displacement from the vertical position is a 
measure of the angle of phase difference between the two 
sources of electromotive force to which the device is at- 
tached. If, therefore, the incoming machine is running 
too fast, the pointer rotates in one direction and, if too 
slow, in the opposite direction. 

Coincidence in phase is shown when -the pointer re- 
mains stationary in a vertical position and indicates that 
the machine should be thrown in; a complete revolution of 
the pointer indicates a gain or loss of one cycle in the 
starting machine as compared with the running machine. 

Details vary in different makes of this type of instru- 
ment but the fundamentals are quite similar. In a smaller 
type of instrument the split-phase winding, which pro- 
duces the rotating field, is the stationary part. In this 
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case, the iron vane is magnetized by a coil which is con- 
nected to the incoming machine. Ordinarily, however, the 
rotating field is produced by a split-phase winding on the 
armature as previously described. 

Another type of synchronism indicator is somewhat 
similar in principle to an electrodynamometer wattmeter. 
There is no iron in the instrument and the moving ele- 
ment is not allowed to rotate. As shown in Fig. 8, the 


fixed coils F, F, are connected in series with the resistance 
R and to the buses, the moving coil M being connected in 
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Fic. 7. ELEMENTS OF A SYNCHRONISM INDICATOR 
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ELECTRODYNAMOMETER TYPE OF SYNCHRONISM 
INDICATOR 


Fia. 8. 


series with a condenser C and the incoming machine. The 
two circuits are adjusted to exactly 90 deg. difference in 
phase. At synchronism there is no torque and M is held 
at the zero position by the control spring. If the fre- 
quencies are the same but there is a phase difference, a 
torque will be exerted and M will move to a position of 
balance at the right or left (fast or slow). If the fre- 
quencies are different, the torque will continually vary 
and the pointer will oscillate over the dial. A synchron- 
izing lamp illuminates the scale simultaneously and the 
direction of apparent rotation indicates the faster machine. 

In the article on “Parallel Operation of A. C. Genera- 
tors” diagrams are shown which give an idea of the instru- 
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ment connections as well as the synchroscope. There are, 
however, several methods of connecting up such an indica- 
tor depending on the type used and the particular arrange- 
ment of voltage and current transformers, as shown in 
Fig. 9. 

With grounded secondaries on the potential trans- 
formers, the connections are as shown in Fig. 9 A. The 
connections as shown are for indicating dark and in fact 
this is the only possible connection when grounded second- 
aries are used. Figure 9 B shows the connections when 
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DIFFERENT METHODS OF CONNECTIONS FOR SYN- 
CHRONISM INDICATORS 











FIG. 9. 


the secondaries are not grounded. Figure 9 C gives the 
connections for a 220-240-yv. circuit with 6-point receptacle 
and without transformers. The only difference between 
this scheme and Fig. 9 D is that, in the case of D, three 
synchronizing buses are used. 

Where generator oil switches are equipped for remote 
control operation, it is usually considered desirable to 
have the oil-switch solenoid-control circuit in series with 
the synchronizing receptacle. This prevents the oil switch 
from being closed unless the synchronizing plug is in the 
starting position. Such a scheme lessens the probability 
of a generator being thrown on the buses accidentally and 
when it has not been synchronized. Wiring arrangements 
for this scheme are shown in Fig. 9 E and F. In the 


case of E the indicator is of the 240-v. type, transformers 
being used with higher voltage buses. 
out transformers is shown in F. 


The scheme with- 
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Methods Used in Measuring Resistance 


Oumic RESISTANCE Is MEASURED BY VOLTMETERS AND AMMETERS OR BY DIRECT 
COMPARISON: INSULATION RESISTANCE BY VOLTMETERS oR “MEGGERS” 


HERE are two general methods used in measuring 

ohmic resistance. One of these methods requires the 
use of voltmeters and ammeter while the other depends on 
the direct comparison of known resistances. 
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MEASUREMENT OF OHMIC RESISTANCE BY 
INSTRUMENTS 


FIG. 1. 


Figure 1 shows how instruments are used in measuring 
resistance. In A of this figure the value of the resistance 
R, may be determined by taking a reading of the voltage 
drop across the resistance and the value of current in the 
circuit. Since R = E -:- I, according to Ohm’s law, the 
value of the resistance may be readily determined. Where 
the resistance R, is low, with a corresponding low voltage 
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WHEATSTONE BRIDGE METIIOD OF MEASURING 
RESISTANCE 


FIG. 2. 


drop it is sometimes necessary to use a millivoltmeter which 
reads in thousandths of a volt. 

If it is possible to insert a known resistance in the cir- 
cuit as shown in Fig. 1 B, the ammeter may be eliminated. 
In this case 

ky, R 
R, = 
E 

Another method of measuring resistance which is used 
quite extensively is by direct comparison with known re- 
sistances. ‘This general scheme is known as the Wheat- 
stone bridge method and it is quite accurate for all meas- 
urements except extremely high or low resistances. 

Figure 2 shows a Wheatstone bridge circuit in its ele- 
mentary form. In this arrangement three of the resist- 


ances may be varied so that the potential at points B and B, 
are the same. When this condition has been brought about 
the galvanometer G@ will not show a deflection when the 


key is closed. Since the voltage drop in the branches CB 
and CB, is the same then R, i, = R, i, and Ri, = R,i, 
Dividing the second equation by the first we have— 


a es: lCU KC R, 
—_ = or.— = — and R, ={ —— JR 


Ri Ry i, R Ry R, 

From this it will be seen that if the galvanometer does 
not show a deflection, the unknown resistance may be cal- 
culated from the proportion. 

In commercial bridges, the adjustable resistances R, 
and R, are usually so arranged that the ratio R, -- R, will 
be in even multiples of 10 so that R, can be read directly 
from R by pointing off for the proper decimal place. R, 
and R, are sometimes called the ratio arms and R is called 
the rheostat arm. For most accurate results the resistances 
R, R, and R, should be as nearly as possible equal to Ry. 
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FIG. 3. HIGH RESISTANCE VOLTMETER METHOD OF MEASUR- 
ING INSULATION RESISTANCE 


One type of bridge which has a wide use is known as 
the postoffice pattern. In this type, brass plugs are inserted 
in the openings between the resistance coils in order to 
shunt out the coils. Hach arm of the bridge has a number 
of these plugs so that it is possible to obtain a wide range 
of resistances. Another type is known as the slide wire 
type. 

There are several ways to measure insulation resist- 
ance involving the use of high resistance galvanometers, 
voltmeters, or special testing sets. As a rule, however, the 
galvanometer method is suitable only for laboratory work 
so that this discussion will be limited to the voltmeter 
method and the use of field test sets. 

If a high resistance voltmeter is used, the set-up is 
similar to that shown in Fig. 3. The generator or battery 


voltage is first determined and the voltage E is then read. © 


If E is the generator or battery voltage and R, is the volt- 
meter resistance then— 


E 
R, =k, {= —1 
(-) 


The connections shown in Fig. 3 A are for determining 
the insulation resistance to ground and Fig. 3 B shows the 
arrangement when it is desired to determine the insula- 
tion resistance between conductors. 

Direct reading test sets, called “Meggers” are also avail- 
able for determining insulation resistance. These instru- 
ments read directly in megohms (1,000,000 ohms). 

Figure 4 shows an instrument of this type and gives 
an idea of the essential magnetic circuit and electrical 
connections. MM are permanent bar-magnets. Between 
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the poles at one end is the armature D of the hand-driven 
generator, while between the poles at the other end is the 
moving system of the ohmmeter. The latter has three 
coils, A, B and B! rigidly fixed together, and freely rotat- 
ing about the axis O, without the directive influence of 
any ‘controlling springs. 

If there is nothing connected across the external ter- 
minals, and the generator is operated at proper speed by 
the small crank at the right hand end of the set, current 
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FIG. 4. ELECTRICAL CONNECTIONS OF AN INSULATION 
RESISTANCE TESTING SET 


will flow only through the two coils B and B* connected in 
series. The electrical reaction thus set up drives these coils 
to a position where minimum flux from the permanent 
magnet passes through them; that is, directly opposite the 
gap in the C-shaped iron piece about which the coils A and 
B' move. The pointer then stands over the line marked 
“Infinity” on the scale. If now a suitable high resistance 
is connected to the external terminals, the current from 
the generator has two paths open to it and will divide, part 
passing through coils B and B? and part through coil A in 
series with the resistance under test. The result is that 
the current in coil A exerts a deflecting torque toward the 
position shown in Fig. 4 and opposed to that produced by 
coils B and B'. As the system moves, the coils B and B’ 
offer an increasingly strong restraining torque until the 
turning force due to coil A is balanced and the pointer 
comes to rest at a point on the calibrated scale which cor- 
rectly indicates the value of the resistance connected be- 
tween the external terminals. Should these terminals 
become short-circuited no harm is done to the instrument ; 
the coil A simply overpowers the coils B and B* and the 
pointer is moved to the lowest point on the scale. Each cir- 
cuit in the instrument has in it a suitable resistance, as 
indicated in Fig. 4 for the purpose of properly protecting 
the sensitive parts from injurious overloads. 


Power Factor Measurement 
in the Field 


N CONNECTION with the proper determination of 

power rates, central stations often find it necesary to 
accurately determine the power factor of the customers’ 
loads. This is frequently done by means of indicating in- 
struments but with this method the results are not as 
representative as they should be. , 

It is of interest to note, in the report of the Meter 
Committee of the N.E.L.A. for 1924, that the Phila- 
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delphia Electric Company has developed a special test set 
for use in making power factor tests and investigations on 
customers’ loads. In its essential characteristics it con- 
sists of two small capacity rotating standards mounted in 
one case. One of the rotating standards registers the 
energy component of the load in the customary manner, 
whereas, the other standard is connected so as to register 
the reactive component. An extra dial is added to each 
standard, so as to allow an indication of greater regis- 
tration without register turnover. 

The dimensions of the completed set are 1114 in. in 
length, 1134 in. in height, 5% in. in width. Its weight 
complete is 18 lb. The current rating is 5 amp., and the 
potential rating 110-220. 

The 5-amp. rating is sufficient in most cases, since 
power factor tests are usually made on installations with 
current transformers. For the extension of the rating, 
testers carry a multiple range portable current trans- 
former. 

In making a test, the test set, which is single-phase, 
is connected to the customer’s service, so as to record the 
same energy as is recorded by his watt-hour meters. If 
the service is polyphase, two or more readings are taken, 
with the test set connected in such a manner as to record 
the energy on each element of the customer’s meter or 
meters. ‘The power and the reactive components of the 
load on each element are'determined for an interval of 
from 10 to 30 min., the power factor is calculated from 
results of these readings. Where two or more sets of 
readings are taken, the power factor is calculated from 
the sums of the various sets. 

The usual methods employed in the measurement of 
power factor involve the use of indicating instruments, 
and indicating, or graphic power factor meters. The ad- 
vantages claimed for the rotating standard power factor 
test set are: 

1. The results are more representative than those ob- 
tained from indicating instruments, since they are calcu- 
lated from values taken over a period of time, and are not 
dependent upon the load on the circuit for a particular 
instant. 

2. The tests may be made to cover any required in- 
terval. If taken for the desired interval, the readings may 
serve as a measurement of demand and the value of the 
integrated power factor over the demand interval. 

3. The service of one man only is required, whereas, 
in making tests with indicating instruments, it may be 
necessary to employ sufficient men to obtain simultaneous 
readings on two or more instruments. 

4, The results are easily computed and the possibility 
for error is minimized. 

5. The cost of making power factor tests is reduced. 

These sets have been made in single-phase units only. 
Polyphase units have been considered, and they would 
offer some advantages in that the time required for taking 
readings would be reduced and the readings would repre- 
sent the combined action of all phases operating simul- 
taneously. The disadvantage might be that the increased 
weight of the test set and the additional current trans- 
former necessary to carry, for polyphase tests, would take 
the equipment out of the “one man class.” 


GRANULATED CORK applied to a freshly painted surface 
will adhere thereto and prevent subsequent sweating of the 
surface. 
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Electrical Control Apparatus 


SwitcueEs, Circuit BREAKERS, REAcToRS, RELAYS, 
VoLtTaGE REGULATORS .AND REMOTE Cowraon 











LECTRIC SWITCHES must meet four require- 

ments; these are; (1) when closed they must carry 
the rated current without either excessive heating or caus- 
ing an excessive voltage drop; (2) they must take care of 
overloads; (3) when being opened they must prevent or 
make harmless any are which may be formed; (4) when 
open they must effectively insulate all live parts for a 
maximum potential. 

Standard switch design practice calls for about 1 sq. in. 
of copper for each 75 amp. Up to about 1200 amp., knife 
switches are usually made with single blades while for 
vreater capacity each pole is made up with two or more 
blades in order to get the desired contact surface without 
making the blades too wide. 

Current carrying parts which are adjacent to the con- 
tacts should be able to carry their full-rated current capac- 
ity with a maximum temperature rise not to exceed 20 to 
30 deg. C., depending of course upon the class of service 
to which the switch is subjected. The 20-deg. C.-rise basis 
is usually recommended where the load is practically con- 
tinuous and the 30-deg. C. basis is often recommended 
where the load is intermittent as in feeder service. The 
maximum momentary current passing through a knife 
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FIG. 1. FORM OF KNIFE SWITCH USED MOTOR STARTING 


switch should not be greater than 50 times its normal, 60- 
cycle, 20-deg.-rise ampere rating. 

Switches of 1000-amp. capacity and below usually have 
the same ratings for either alternating or direct current 
on either the 20 or 30-deg.-rise basis. Switches of 1200- 
amp. capacity and larger for direct current are given lower 
ratings when used for alternating current. 

For switchboard service, switches are spoken of as front 
or rear connected, depending upon whether they are 
mounted on the front face of the panel or on the rear face. 

Motor-starting knife switches offer an inexpensive 
method of starting motors which can be started by cutting 
out the resistance in three steps. They consist of four sets 
of blades, the shortest set being at the top. To start a 
motor the blade is thrown into the first jaw. After a 
moment’s pause it is thrown into the second jaw, and so 
on until the blade is finally pushed into the third jaw 
which throws the motor directly on the line. On large 


. switches of 1200, 2400 and 3600-amp. ratings a ratchet 


device is provided which prevents the operator from start- 
ing the motor too quickly. 


SwitcHeEs Usep ror CONNECTING INSTRUMENTS 


Disconnecting switches are used primarily for isolating 
oil circuit breakers and feeders and for making connec- 
tions which do not have to be opened under load. For 
voltages below 2500, these switches are usually mounted 
on some suitable insulating material and for higher volt- 
ages insulators are used to support the switch jaws. For 
voltages up to 2500 these switches are made for either front 
or rear connection. For voltages above 25,000 they are 
almost invariably made front connection only. 

Petticoat type of insulators are used for light service 
and for heavy-duty service a corrugated conical-pillar 
type of insulator is used. The insulator is so attached that 
should it prove defective it can be readily replaced with- 
out replacing the remainder of the switch. For voltages 
of 75,000 and above it is common practice to mount dis- 
connecting switches on porcelain posts of the built-up type, 
a sufficient number of sections being employed to obtain 
the voltage test required. 
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Often it becomes necessary to open up a high tension 
outdoor line when the power is on or when the charging 
current is being supplied to a long transmission line. If 
oil breakers are not installed, a type of switch is used 
which is known as a hornbreak switch. It is essentially a 
disconnecting switch which is equipped with auxiliary 
arcing horns, a manually operated device being used to 
open and close the switch. The main contacts are pro- 
tected from burning by the arcing horns which make con- 
tact before the main contact is closed and which break 
away before the main contact is opened. 


CARBON CrrcuIT BREAKERS 


Insistent demand for the use of high voltages, neces- 
sitated the development of some form of switch other than 
the plain knife switch. Heavy current and high voltage 
resulted in the burning of the switch blades and it was 
also found that fuse protection was not adequate. This 
led to the development of the carbon circuit breaker which 
is designed to open automatically; (1) when the current 
reaches a predetermined high or low value; (2) when the 
voltage reaches a predetermined high or low value; (3) if 
the current should flow through the breaker in the direc- 
tion opposite to that which is intended. Any combination 
of these features may be built into the automatic circuit 
breaker. 

If a circuit breaker is to give satisfactory service, it 
must be easy to close and, once closed, it should stay closed 
until opened by one of its protective devices. Its release, 
when being opened, should be positive and quick. A cir- 
cuit-breaker should be easily adjusted and the adjustment 
should be permanent unless changed by the operator. Some 
dust will always collect on the contact points and, due to 
the arcing, there will always be some burning of the con- 
tacts, therefore a breaker should have a self-cleaning action, 
that is the contacts should have a slight wiping action 
when the breaker is being open or closed. 

Current carrying contacts are usually made of copper, 
the fixed contact being a solid copper block and the mov- 
able contact usually made up of a number of copper strips 
which are curved slightly so that when their beveled edges 
strike the fixed contact they will wipe its surface as the 
breaker is closed. A high pressure is obtained between the 
contacts by means of the lever system on the operating 
mechanism. This pressure is desirable because it reduces 
the heating losses and resistance at the point of contact. 

Overload-trip carbon circuit breakers are said to be 





FIG. 3. HORN-GAP SWITCHES MAY BE USED TO OPEN LIVE 
CIRCUITS 
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FIG. 4. RECLOSING CIR- 
CUIT BREAKERS WILL 
CLOSE AUTOMATIC- 
ALLY WHEN THE 
LINE SURGE IS 
CLEARED 


FIG. 2. DISCONNECTING SWITCHES 
SHOULD NOT BE USED TO 
OPEN LIVE CIRCUITS 


plain-automatic when they will remain closed under an 
overload on the line, when the handle is held down or the 
closing coil is energized. Full automatic overload-trip 
breakers cannot be held closed on an overload or a short 
circuit. Standard overload-trip carbon breakers can be 
arranged for direct acting tripping without relays. The 
range of calibration for automatic overload-trip varies with 
the different manufacturers. 

Special attachments with which carbon circuit breakers 
may be furnished are: (1) Inverse time limit attachment 
which will allow the breaker to trip instantly on extreme 
overload, slowly on a heavy overload and still more slowly 
on light overloads, thus giving the circuit time to clear 
the trouble if the overload is light. (2) Shunt-trip attach- 
ment by means of which the breaker may be tripped elec- 





AIR CIRCUIT BREAKERS ARE PROVIDED WITH TWO 
SETS OF CONTACTS 
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FlG. 6. CONTACTORS OF AN OIL CIRCUIT BREAKER IN THEIR 
OPEN POSITION 


trically from some remote point. (3) Automatic reverse- 
current trip attachment, the function of which is to dis- 
connect the generator from the line whenever the current 
reverses. It is particularly adaptable in battery charging 
and in the parallel operation of d.c. generators or syn- 
chronous converters. (4) Automatic undervoltage or over- 
voltage attachments are arranged to open the breaker when 
the voltage falls a given amount or fails completely, or 
when it reaches a predetermined amount above normal. 
(5) Automatic underload attachments are used priticipally 
in battery charging to prevent the current flowing back 
from the battery to the generator when the charging cur- 
rent decreases to a certain predetermined amount. 

Automatic reclosing circuit breakers are specially de- 
signed so they automatically open as does the ordinary 
type of breaker, but they wi}l automatically close as soon as 
the short circuit or overload on the line has cleared. 














FIG. 7. OIL CIRCUIT BREAKERS MAY BE MANUALLY 
OPERATED AND REMOTE CONTROLLED 
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Oil circuit breakers have been found to be the only 
practicable means for opening, under load, circuits carry- 
ing large amounts of alternating-current and for control- 
ling alternating-current, high-voltage circuits. This type 
of equipment terminates the alternating-current wave at 
its normal zero value and this eliminates excessive surges. 

As the name implies, the oil circuit breaker is simply 
a circuit breaker, the contacts of which are submerged in 
an oil bath. The movable contacts fall by gravity to their 
open position, thus affording protection to equipment in the 
event of failure of the operating mechanism. Standard 
ratings of oil breakers may be used up to an altitude of 
3300 ft., above which standard breakers must be under- 
rated. The application of oil breakers depends upon first 
determining the service voltage and then the maximum 
current which may be encountered. ‘The breaker should 
then be chosen for an interrupting current equal to or 
greater than this maximum current. 

Oil-cireuit breakers of small and moderate size can 
most conveniently be mounted on a framework, which per- 
mits the easy removal of the oil tanks and makes them 
accessible for inspection. Large breakers are generally 
made for platform mounting because of the difficulty of 
lowering the tank when it is filled with oil. Supporting 
structures should not conceal the bottoms of the oil tanks, 
but should allow of a complete inspection of the tanks 
and a free circulation of air which assists in keeping all 
parts free from rust and corrosion. 

Platform mounted breakers are arranged so that the 
mechanism cap can be removed and access thus gained to 
the interior of the tanks. The mechanism may be so ar- 
ranged that a bushing terminal complete with its contact 
details may be removed without displacing any other parts. 
The moving contact elements can be removed through the 
mechanism cover. 


Use of Switchboards and 
Protective Devices 


PANEL CONSTRUCTION AND ARRANGEMENT 
or Busses. TyPES AND PurRPOSsES oF RELAYS. 
APPLICATION OF Reactors. ELECTROLYTIC 
AND OxIDE Fitm LIGHTING ARRESTERS 


ANELS for switchboards are usually of slate or marble 

although in some instances soapstone, brick steel or 
fibre composition have been used. Slate is the most widely 
used material since it has good insulating characteristics, 
is cheap, does not show stains, is easy to drill and will take 
a variety of finishes. 

Due to the irregular color and marking ordinary slate 
is seldom used in its natural state but is usually given an 
enamel or marine finish, while natural black slate is given 
an oil finish. One of the finishes most commonly used is 
one in which a dead black paint is applied with an atomizer 
to a honed finish panel. This finish is cheap, attractive, 
does not show oil stains, and if the panel ‘is scratched a 
little fresh paint will make it look as good as new. 

Slate is suitable for all panels where the e.m.f. for live 
metal parts mounted on the panels does not exceed 750 v. 
For higher voltages, marble is usually used. 

Where blank panels are received and it is necessary to 
drill them on the job, a number of precautions should be 
observed. It is advisable, for instance, to drill all the 
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holes with a drill considerably smaller than the finished 
hole. If a 7%-in. hole is to be drilled, the first drilling 
should be with a 14-in. drill. When the small drill is nearly 
through, the pressure on the drill should be decreased. 
Even with this precaution, it is likely that the slate or 
marble will chip somewhat when the drill breaks through. 
After the small hole has been drilled, the drill for the 
finished hole may be used and by drilling half-way through 
on one side and then turning the panel for drilling from 
the other side, it is possible to get clean cut edges. Such 
precautionary measures should be followed either for hand 
drilling or when using a drill press. 

Panel sizes have been more or less standardized in the 
past few years. As a rule, three sections are provided and 
the total height of the board is usually 90 in. The heights 
of the sections vary; one manufacturer divides panels into 
28, 36 and 31 in. sections while another divides into 20, 45 
and 25 in. Smaller panels are usually about 4 ft. in height 
but are mounted with a space below so that the top of the 
panel is 90 in. from the floor. Ordinarily 144 in. panels 
are heavy enough, although 2 in. panels are used where 
the apparatus is heavy and the panels are subject to shocks 
such as may be encountered in circuit breaker operation. 

Both gas pipe and angle-iron frame work are used for 
mounting panels. While gas pipe construction is consider- 
ably lighter than the angle iron construction, it has been 
found amply secure for smaller switchboards and in fact 
some manufacturers use gas pipe construction for most of 
their larger switchboard installations. 


CLASSIFICATION OF SWITCHBOARDS 
Direct current switchboards may be divided into two 
classes according to their capacity. The larger boards are 
used for direct-current railway systems and for lighting 
and power systems of large industrial plants, hotels, central 


FIG. 2. CONTROL DESK OF 
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rig. 1. COMBINED CONTROL DESK AND INSTRUMENT BOARD 


stations, etc. The small generator and feeder panels are 
intended for small light and power systems, while the bat- 
tery-charging panels are designed for controlling the 
charging of storage batteries used in, lighting service and 
on electric vehicles. 

Alternating-current switchboards are divided into three 
classes depending on the mounting and method of opera- 
tion of the apparatus. Direct-control boards are those in 
which all the apparatus is mounted on the panels or on 
their supporting frame work. Manual remote-control 
boards are those with manually operated circuit breakers 
mounted apart from the board and operated by means of 
handles on the panels. The third classification covers elec- 
_ trical remote-control boards when the electrically operated 
oil switches are mounted away from the board and are 
operated by control switches mounted on the panels. 
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THE SEMI-CIRCULAR TYPE 
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FIG. 3. SINGLE AND DOUBLE BUS ARRANGEMENT 


Station capacity determines the class of switching de- 
vices that can be used and this in turn usually determines 
the class of switchboard to be installed. 

Where electrical remote-control is used, both the con- 
trol switches and the instruments may be mounted on 
panels. The panel board is frequently chosen for plants of 
moderate capacity and occasionally for those of high capac- 
ity where the number of circuits are few and the length 
of the board is therefore kept within a space which may be 
covered almost instantly by the operator. 

For stations with a large number of circuits, the con- 
trol desk, with the instrument panels either set on the 
desk or placed separately, is used. Figure 1 shows a part 
of a combined control desk and instrument board for a 
16,000-kw. plant. Figure 2 shows a semicircular control 
desk with the instrument panels mounted separately. 


Bus ARRANGEMENTS 

Bus arrangements depend upon the size of the station 
and the degree of switching flexibility which is desired. 
For simple plants where economy is of prime importance, 
the straight single bus system as indicated in Fig. 3A is 
usually adopted. This diagram shows three generators and . 
six outgoing feeders, each circuit being provided with an 
oil circuit breaker and a disconnecting switch. With a 
single-bus system, such as shown, bus bar trouble, although 
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FIG. 4. MAIN AND AUXILIARY BUS ARRANGEMENT OF THE 
DELAWARE STATION 
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infrequent, would necessitate a complete shut-down. To 
replace the oil, inspect or adjust any circuit breaker, it is 
necessary to shut down the circuit involved, although it 
would not be necessary to shut down the entire plant, as the 
disconnecting switch can be used to isolate the oil switch 
from the bus. 

By adopting a double-bus system with one breaker and 
two disconnects per circuit, as shown in Fig. 3B, one bus 
can be shut down for inspection. Any oil switch can also 
be cut out of service for inspection or repair. 

There are several variations of the double bus system, 
depending on the sectionalizing arrangements which are de- 
sired. In large stations with large generating units, each 
unit may supply its.bank of transformers through a double 
bus section with provisions for tying all the sections to- 
gether, or two or three generators may be connected to a 
section. Figure 4 shows a double bus arrangement used at 
the Delaware station of the Philadelphia Electric Co. 

In addition to the main bus problem, the current sup- 
ply for auxiliaries must also be considered. In the Del- 

















Fig. 5. 


REMOVABLE UNIT TRUCK TYPE SWITCHBOARD 


aware station layout, it will be noted that separate double- 
bus is provided for the auxiliaries. A separate switchboard 
is usually provided for handling the circuits to the auxiliar- 
ies, especially in the larger stations. In many cases the 
safety enclosed truck type switchboard, such as shown in 
Fig. 5, is used for this purpose. 


COMPARTMENTS FOR BussEs 

In large capacity plants, of 13,200 v. or less, with gen- 
erators connected directly to the bus, the amount of cur- 
rent that can be concentrated on a short circuit is some- 
thing enormous and every precaution has to be taken to 
prevent trouble from spreading, if-it starts. 

Masonry structures for bus bar work are made either 
semi-enclosed or entirely enclosed. It is becoming stand- 
ard practice to cover the openings with removable panels or 
doors so as to render it impossible for any one to come in 
contact with live metal parts. Such doors are sometimes 
interlocked with the oil switch, so that it is impossible to 
open a compartment unless the circuit is dead. Figure 6 
shows a concrete bus and oil switch structure provided with 
doors. 

Another practice which has developed is the “isolated 
phase” construction. In this arrangement, the phases are 
separated either vertically or horizontally into separate 
rooms. By this construction the likelihood of phase-to- 
phase troubles is decreased and the mechanical stresses be- 
tween conductors under short circuits is reduced. 
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CONCRETE STRUCTURE FOR -BUSSES AND OIL 
SWITCHES 


FIG. 6. 


Protective relays are used for three general types of 
service: apparatus protection, service protection and auto- 
matic control. The requirements for these various services 
have led to the development of many types. Names of the 
various types of relays manufactured today will give an 
indication of the various uses to which they may be applied. 

Definite-time-limit and inverse-time-limit relays are 
two types which have wide application and with which the 
average operator will be most greatly concerned. The defi- 
nite-time-limit type is used with circuits where service must 
be maintained at all hazards, no matter how great the over- 
load, provided it does not last more than a definite period of 
time, say from 2 to 4 sec., depending on the ability of the 
system to withstand such conditions and the length of time 
required for various feeder breakers to trip out, thus 
relieving the system protected by the breaker with definite 
time limit. An inverse time limit gives a selective action 
varying inversely with the load so that, usually, the faulty 
line carrying the heavier overload will have its breaker 
tripped out before the other breakers are affected. 

One of the simplest overload a.c. relays designed for 
instantaneous operation, definite time limit and inverse 
time limit, consists of a solenoid and core. In the instan- 
taneous relay, the core lifts immediately and closes or opens 
contacts that trip the circuit breaker, when the current in 
the coil reaches a certain value. With the inverse time 
limit, the movement of the core is opposed by a bellows 
with an adjustable valve mounted above the coil. With the 





FIG. 7. INDUCTION RELAY OF THE OVERLOAD TYPE 
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FIG. 8. INDUCTION TYPE REVERSE POWER RELAY 


definite time limit the same kind of bellows and valve is 
used, but the solenoid does not work directly on the bel- 
lows. When the overload occurs, the core rises instantly 
compressing a spring which in turn acts on the bellows. 
If the core, due to the continued overload, keeps the spring 
in compression the required time, the air will be forced 
out of the bellows and the tripping circuit operated. 

Solenoid-operated relays are used extensively, although 
later developments and application have been based on 
relays using the principles of the induction watt-hour 
meter. Figure 7 shows an induction type relay of the over- 
current type and Fig. 8 shows a reverse power, or, as it 
sometimes is called, power-directional relay. 

Induction type overload relays are recommended for 
large important systems where three or more time gradings 
are required. The plunger type is recommended for radial 
load feeders and for less important systems where three or 
less time gradings are required. 


Use or Reactors 
Another protective device of considerable importance is 
the reactor. This device, in its elemental sense, is nothing 
more than a coil of wire and its function is to aid in reduc- 
ing the currents caused by short circuits or sudden load 
changes. 
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FIG. 9. CHOKE COIL MOUNTED FOR OUT-DOOR SERVICE 
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FIG. 10. SINGLE PHASE CURRENT LIMITING REACTOR 


If the current value through a coil of wire is changed 
suddenly, a counter e.m.f. is generated which opposes that 
change and the current flow, is, therefore, not as great as 
it would be without the reactor in the circuit. Reactors are 
used in conjunction with lightning arresters, in generator 
circuits, between sections of busses and on outgoing 
feeders. Reference to Fig. + shows the location of bus 
reactors for that particular station layout. 

Reactors of a simple type such as are used with light- 
ning arresters or on outgoing feeders in small plants are 
usually termed choke coils. One of these coils is shown in 
Fig. 9, arranged for outdoor service. 

Figure 10 shows a large single-phase reactor. In this, 
several bare copper cables are wound in grooves in moulded 
fireproof cleats. All of the cables are connected in multiple 
at the top and bottom of the reactor. The various cables 
are wound in the cleats so that their length and impedance 
is the same. In some designs, asbestos paper is placed 
between layers in order to reduce eddy current losses. 


LIGHTNING ARRESTERS 

Lightning arresters are used for protection against dis- 
turbances caused by electrical storms and for disturbances 
caused by voltage surges due to sudden load changes and 
arcing grounds. Ordinarily, however, the first of these dis- 
turbances is thought of when considering the subject of 
lightning arresters. 

When a discharge from a cloud strikes an electrical con- 
ductor directly, it almost always breaks down the insula- 
tion at or quite near that point. It rarely travels along a 
transmission line far enough to reach an arrester and, if it 
did, it would probably destroy any type of arrester, except 
possibly an electrolytic one. Arresters are not designed, 
therefore, to handlé direct lightning strokes. It is usually 
the line insulators rather than the station apparatus that 
are injured by these direct strokes and they are best pro- 
tected by overhead ground wires. 

Many types of lightning arresters are used for low volt- 
age based on some form of shunted gap, but the electrolytic 
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and oxide-film types have come into such general use that 
only these two will be discussed. 

Electrolytic arresters for all voltages consist of a stack 
of aluminum cells with series gap, each cell consisting of 
two inverted, pretreated aluminum cones, separated by in- 
sulating spacers and the space between cones partially filled 
with electrolyte. Each stack of cells is immersed in a tank 
of oil, as shown in Fig. 11, to improve the insulation be- 
tween cones, to prevent evaporation of the electrolyte and to 
provide heat-absorbing capacity. Between the tank and 
cone stack is suspended an insulating tube which improves 
the circulation of oil and increases the insulation between 
the tank and the cone stack. 

Cell stacks are arranged in sections in such a manner 
that between any two lines of a circuit and any one line 
and ground there are two equal sections. In other words, 
for a three-phase system the arrester has four sections. 
The sections are suitably insulated from ground and con- 
nected to the line through series gaps equipped with charg- 
ing contacts and resistances to minimize oscillations and 
with properly proportioned horn-sphere electrodes to give 
minimum dielectric spark lag. Two of the sections are con- 
nected to a transfer device so arranged that when one is 
connected to the line the other is connected to ground. 

The fundamental principle of the electrolytic arrester 
is the film or valve action of the aluminum cell which de- 
pends on an electro-chemical action between the elec- 
trolyte and the pretreated aluminum cone. This film offers 
a high resistance to current at normal voltages but prac- 
tically no resistance to current at high voltages such as 
induced by lightning. The film, therefore, quickly relieves 
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the lines of high abnormal voltages but breaks the arc to 
ground as soon as the voltage falls to normal. 

To keep this film properly formed, it is necessary to 
connect each section of the arrester directly to the line one 
or more times a day. This is easily done by revolving one 
side of each gap, with the operating mechanism provided, 
until the charging contacts short-circuit the gap. The gaps 
should be shorted for at least 5 sec.. then opened to dis- 
connecting position and the transfer device operated. The 
gaps should be again shortened for at least 5 sec., then 
opened to the normal operating position, 

One disadvantage of the electrolytic arrester is that it 
requires attention, since it is necessary to charge it daily. 
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FIG, 12. PRINCIPAL PARTS OF AN OXIDE FILM ARRESTER 


For that reason, electrolytic arresters can be installed only 
where it is possible to provide the necessary attention. This 
one factor was probably the reason which led to the de- 
velopment of the oxide-film arrester. 

This arrester consists essentially of stacks of cells (Fig. 
12) with series gaps, the number of cells varying with the 
voltage. The cell consists of two treated metal disks assem- 
bled on a porcelain ring and forming a container which is 
filled with compound. 

When an excess voltage arcs over the series of gaps, it 
is impressed on the cells and punctures the varnish films 
on the electrodes. The metal disks are not punctured. 
When the varnish film breaks down, a discharge current 
flows through the cells to ground, thus relieving the over- 
voltage pressure on the line. 

Changes that occur in the film as a result of discharges 
are interesting and important. As stated before, the cells 
as manufactured have a varnish film on the inside of the 
metal disks, which may be regarded as an initial or tem- 
porary film. In operation, these films become punctured in 
auumerous places and the film at the point of puncture is 
replaced by lead oxide, or litharge. This latter oxide thus 
forms a film which gives the arrester its name—oxide-film, 
the original film becoming a honeycomb structure which 
holds the oxide film in place. The latter has an insulating 
strength corresponding to the line voltage and is better 
than the original film in respect to time lag and valve 
action. 
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Signal Systems and Remote 


Control 


HE CONTROL room of a large electric generating sta- 

tion may justly be called the “brains of the system.” 
From the control room there extends to all parts of the 
power station a multitude of control and signal circuits 
through the agency of which the operation of the entire 
station is placed under the observation and control of one 
or two operators. 

Among the most important of these circuits are the 
remote control circuits for the oil circuit breakers. In the 
power station of twenty years ago, the generator and 
feeder switches in use were practically all knife switches 
of the air break type. As the amounts of power handled in- 
creased and with the use of higher voltages, the air break 
switch no longer was effective and the oil switch or oil 
circuit breaker as it is termed was developed. The first oil 
circuit breakers were hand operated and were mounted 
directly behind the switchboard, but as they became larger 
and as their number in a particular station increased it 
became necessary to locate them in remote parts of the sta- 
tion and direct hand control was no longer practicable. 
As a result, most of the breakers now installed are of the 
electrically operated, remote controlled type, being operated 
either by an electric motor or a solenoid remote controlled 
from the operating room. 

Control switches used are of two types, push and pull 
button control switches and rotary control switches. Such 
switches may be had in a variety of forms to accomplish 
different purposes. In some cases the contacts are normally 
open and current flows only during the instant when the 
control button is manipulated. In other types the con- 
tacts are normally closed and the current is interrupted 
only when the switch is operated. ‘These switches are usu- 
ally provided with some type of indicating device such as 
green and red signal lamps or a mechanically operated flag 
or both which show which way the switch was last operated. 

Control switches are ordinarily made to carry not over 
from 10 to 30 amp. at 125 v. d.c. and while this is suffi- 
cient for small types of breakers, in the case of large - 
breakers the operating solenoids require more current. To 
adapt the control switches to such breakers, it is customary 
to interpose relays between the solenoid and the control 
switch. In this case the control switch contacts are re- 
quired to handle only the weak current in the control relay 
coil, while the relay contacts handle the heavier current of 
the solenoid closing coil. 

An automatic attachment may be added to certain types 
of control switches which will prevent the possibility of the 
switch being held closed on severe overload or short circuit. 
In this way the switch is made full automatic, an extremely 
desirable feature on certain types of service. 

Control circuits are as a rule operated from a storage 
battery installed for the purpose. This is necessary in order 
to secure reliability, since if the control circuits were 
operated from the station service, a failure of that service 
would render the control switches inoperative. 


INDICATING DEVICES 
Under indicating devices used in the control room may 
be listed all voltmeters, ammeters, wattmeters, thermom- 
eters, pyrometers used in the operation of the station. The 
first three classes of instruments referred to are too well 
known to require discussion. Thermometers and pyrom- 
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eters, however, are newer of application in this connec- 
tion and their use is proving more necessary as develop- 
ment in the power plant field progresses. Accurate knowl- 
edge of the operating temperature of electric generators, 
transformers and power cables is a vital factor in the effi- 
cient operation of a central station. In the last analysis, it 
is the temperature to which a machine or cable rises which 
limits the load. The temperature of electrical apparatus is 
most conveniently measured by resistance or thermo-couple 
units built into the generator or transformer connected 
with indicating or recording instruments in the control 
room. 

















FIG. 1. TYPICAL TURBINE SIGNAL (A) SENDER. 
(B) RECEIVER 


Where the temperature of a number of different parts 
of a machine or a number of machines is to be observed, 
the multi-point recorder finds considerable application. In 
this type of instrument, the temperature of a number of 
‘different points are recorded successively on one chart. 
Such instruments are also provided with visible or audible 
signal devices which come into action whenever the limit- 
ing temperature of any of the points is reached. These 
recorders may be located in any part of the power station 
regardless of where the actual temperature detector may be 
located. The same type of recorder is used with pyrom- 
eters for recording the temperature of flue gases in con- 
nection with boiler operation. For this use the recording 
instrument is especially desirable since it may be located 
away from the boiler room where the heat, dust, and exist- 
ing conditions are usually not favorable for the mainte- 
nance of delicate apparatus. 


SignaL SysTEMsS 

An important feature of the control room is its signal 
or communication systems with other parts of the station. 
As was stated previously, the control room is the “brains” 
of the power station and it is highly important that those 
in charge should be able to communicate and give orders 
to various parts of the station without loss of time. . 

Several methods of signalling are in use for providing 
communication between the control room and turbine or 
engine room. Some of these make use of lamp signals 
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while others are of dial type similar to the ordinary marine 
engine room telegraph. The latter consists of two dials, 
one at each station, provided with suitable markings, such 
as “start”, “stop”, “standby”, “telephone”, etc. The 
pointers of the two dials are connected electrically so that 
if the operator in the control. room, for instance, sets his 
pointer to “standby” the pointer on the dial in the turbine 
room will register likewise. Before complying with any 
order, however, it is necessary for the turbine room oper- 
ator to repeat the order back to the control room so as to 
assure the control room operator that it has been correctly 
transmitted. Where there are two or more generators in- 
stalled it is necessary either to provide two signal pedestals 
for each generator or to provide an additional dial which 
indicates the number of the various generators. In this 
case it is necessary first to signal to the operator in the 
turbine room the number of the generator to be started or 
stopped as the case may be. 

Where lamp signals are employed, the arrangements are 
similar except that lamps are used to indicate the various 
operations instead of pointers. All of these signals are 
provided with a gong or whistle to attract the attention in 
the engine room. 


Loap INDICATING SYSTEMS 

A type of signal system which has gained favor in cen- 
tral station work during the past few years is the load in- 
dicating system used for notifying the boiler room of the 
total station load and the demand load. This is nothing 
more than a large illuminated dial reading in kilowatts or 
thousands of kilowatts and controlled automatically from 
the main station wattmeter in the control room. This dial 
as a rule is also provided with a second pointer by means of 
which the anticipated load may be shown. This pointer 
is hand-controlled from the chief engineer’s or the load 
dispatcher’s office. 


Lone DisTtaANcE ELEctRIc TRANSMITTING AND RECORDING 
SysTEM 


It is frequently necessary to transmit instrument read- 
ings or records over a distance of several miles, i.e., records 
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FIG. 2. DIAGRAM OF A LONG DISTANCE TRANSMITTING AND 
RECORDING SYSTEM ; 


of water level in connection with water works plants and 
hydroelectric plants, mechanical operation, temperature in 


connection with central heating plants. For these pur- 
poses, there are available a number of long distance trans- 
mitting systems, one of which is illustrated in Fig. 2. The 
instrument at the right is a transmitter. At the left, the 
receiving instrument which in this case is of the indicating 
type, but which may be replaced with one of the recording 
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type. This system uses alternating current and its opera- 
tion is based upon the principle of the induction balance. 
By means of this system a number of recording instru- 
ments may be mounted on a switchboard in the central 
station, for the purpose of recording the actual steam, air 
or water pressures at a number of distant points. Such an 
equipment keeps the operator constantly informed in regard 
to actual conditions and enables him to control from a 
central point the proper pressures at the distant locations. 









Remote Controt oF HicH PREssuRE VALVES 
Remote control of high pressure steam valves is rapidly 
coming into favor, especially for emergency use. When a 
12 or 18-in. steam main carrying superheated steam at 
360 lb. pressure bursts it is highly important that means 
be available for isolating the damaged section as quickly 
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as possible. Where hand control only is provided, this is 
almost impossible but with motor operated valves con- 
trolled from a distant point, it is a simple matter. At the 
Delaware station of the Philadelphia Co., for instance, 
there are two valve control boards installed in the station. 
These emergency control boards are vertical slate panels 
on which the high pressure steam piping system is laid out 
with mimic pipe lines. The control switches which operate 
the electrically driven valves are placed at the proper 
places in the mimic pipe system so that one can tell at a 
glance which valves are open and which are closed. 

This control room is located in an out of the way 
corner of the station and is accessible from the exterior of 
the building. In case a steam main bursts, the operators 
in making their escape from the building can enter this 
room and quickly isolate the ruptured main. 









Storage Batteries in the Power Plant 


CoNSTRUCTION AND MAINTENANCE APPLICATION TO ExcirTa- 
TION, LIGHTING, PRoTECTIVE DEvICEs AND ConTROL SysTEMS 

















TORAGE BATTERIES are often referred to as sec- 

ondary cells or accumulators. They differ from pri- 
mary cells in the manner in which they are renewed. The 
materials of a primary cell are used up in the process of 
delivering current and for the cell to be brought back to 
normal again these materials must be renewed. In the 
storage battery the materials deteriorate slowly and the 
cells can be restored to their original condition by sending 
a current through them in a reverse direction. Two types 
of storage batteries are in common use. They are: (1) 
the nickel-iron-alkali type and (2) the lead-lead-acid type. 

Batteries of the first named type are commonly referred 
to as the Edison type. They use an alkali as an electro- 
lyte, which consists. of a 21 per cent potassium-hydrate 
solution to which a small amount’ of lithium-hydrate is 
added. The positive plate consists of nickel pencils filled 
with green nickel oxide. The nickel oxide is a poor con- 










































POSITIVE AND NEGATIVE GRID PLATES FOR A LEAD- 
ACID BATTERY 


Fic. 1. 









ductor, therefore fine metallic nickel flakes are mixed with 
it to improve its conductivity. The negative plate consists 
of flat, perforated, nickel-plated steel stampings, contain- 
ing iron in a finely divided form. 

Edison cells are rated on the basis of a 5-hr. charging 
rate. The average e.m.f. per cell on discharge is 1.2 v. 
The specific gravity of the electrolyte changes but slightly, 
hence it is not indicative of the condition of charge. There 
is no sharp voltage rise near the end of the charging period 

















and it is permissible to give an overcharge if there is any 
doubt as to the condition of the battery. 

This type of cell is light, rugged and can stand a great 
amount of abuse. It can stand for a long time in a dis- 











COMPLETE LEAD-ACID BATTERY SHOWING CON- 
NECTORS BETWEEN CELLS 


FIG. 2. 


charged condition. The plates do not buckle and the active 
material does not drop from the plates. 


Actip ELECTROLYTE USED IN CELL 


Lead cells consist essentially of two lead electrodes 
immersed in a dilute sulphuric acid solution. When cur- 
rent is passed through such a cell, the metallic lead of the 
positive electrode is converted into lead peroxide and the 
negative electrode, though not changed chemically, is 
changed from solid lead into a spongy or porous form. 
When the cell is discharged, the positive electrode is 
changed to lead sulphate and the negative electrode is 
changed to lead sulphate so that both electrodes tend to 
become electrochemically equivalent. 

In practice it is necessary to increase. the active area 
of the plates in order to keep the size of the battery from 
being prohibitively large. This is accomplished by making 
the electrodes of lead and antimony. They are made up 
in the form of perforated grids, the openings in which are 
filled in with corrugated lead ribbon or a lead oxide paste. 
The chief advantages of the pasted plate are its high over- 
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load capacity, and its lesser size, weight and cost for a 
given discharge rate. 

Voltage of the lead-acid cell ranges from about 1.75 
at the end of an 8-hr. discharge period to about 2.6 while 
on the charging line at the end of an 8-hr. charge. The 
open circuit voltage reading of a cell, that is, a reading 
taken while the cell is neither charging nor discharging 
is of no value as an indication of its state of charge or 
discharge. A cell that has been completely discharged 
down to an end voltage of 1.75 will very soon show 2 volts 
on open circuit reading. 


EDISON CELLS ARE FILLED WITH AN ALKALINE 
SOLUTION 


FIG. 3. 


Acid electrolyte may be mixed by the following 
methods: 

Use only approved acid and distilled water. Mix only 
in a glass, porcelain, stone, earthenware, or lead-lined 


vessel. Slowly .pour the acid into the water so that no 
great amount of heat or bubbling is produced. 

(1) To make 1.225 electrolyte from 1.835 sulphuric 
acid, mix 1 part by volume of acid with 3.73 parts by 
volume of distilled water. To make 1.285 electrolyte from 
1.835 sulphuric acid, mix 1 part by volume of acid with 
2.68 parts by volume of distilled water. 

(2) To make 1.225 electrolyte from 1.4 gravity elec- 
trolyte mix 1.8 parts by volume of distilled water with 2 
parts by volume of 1.4 electrolyte. To make 1.285 electro- 
lyte from 1.4 gravity electrolyte mix 0.92 parts by vol- 
ume of distilled water with 2 parts by volume of 1.4 
gravity electrolyte. 

Adjust the gravity’ of the acid to the correct value by 
the addition of a small amount of 1.4 acid or water, if 
necessary. T'ake the gravity reading at a temperature of 
80 deg. F. or correct to this temperature. ‘The tempera- 
ture of the acid mixture must not be above 90 deg. F. 
when placing in the cells. 


TEMPERATURE OF Barrery Must Be WarcHEp 

Capacity of a battery is given with reference to a tem- 
perature of ‘80 deg. F. At this temperature, the battery is 
said to have 100 per cent capacity while at lower tempera- 
tures it has a less capacity. It is thus evident that the 
user who desires to obtain the full capacity of a battery 
must keep it at a temperature of not less than 80 degrees. 
Little capacity is to be gained by allowing the tempera- 
ture of the battery to rise above 80 deg. F. In fact the 
gain is only about 5 per cent and whatever is gained in 
this way is at the expense of the life of plates and sepa- 
rators. At a temperature of 10 deg. F., the battery has 
only half the capacity it has at 80 deg. and, for this reason, 
batteries in exposed points, such as some transformer sub- 
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stations, will have to be replaced in about half the time 
during the winter that they will during the summer. This 
does not, of course, apply to such batteries as are kept on 
a trickle charge. 

CARE OF THE BATTERY 

Each week add distilled water to each cell up to the 
liquid line or other indicated point. Never add acid or 
any substance or solution to the cells. A regular periodic 
reading of the voltage and gravity of each individual cell 
should be taken and kept in a log book. Periodic exam- 
ination of each cell should be made as to general appear- 
ance and action. 

Make certain at the inspection that all connections are 
tight; lead connections which are under pressure some- 
times become loose due to the spreading of the lead. Re- 
move any corrosion present and cover joints and terminals 
with vaseline. 

Charge at the rates specified and reduce the charge to 
zero when the battery is fully charged as indicated by 
voltage and gravity readings. The battery may be given 
an overcharge every few weeks by continuing the charge 
for two hours after the normal full charge point has been 
reached. 

Charging at too high a rate may buckle the plates and 
will certainly wash a quantity of active material from the 
positive plates. The high rate may raise the temperature 
of the acid to a high point and hot acid will attack both 
plates and separators. Continued overcharging will soften 
the active material. 

Application of the storage battery to oil switch and 
circuit breaker demands a battery that will give a heavy 
current for a short period of time for the reason that the 
current required to close a large circuit breaker may 
amount to 200 or more amperes and this current will be 
required for 0.3 to 0.6 of a second which is the time 
required for the closing operation. 

Tripping of oil switches imposes only a light duty on 
the battery, as the current required amounts to only 4 or 5 
amperes per circuit breaker and is required for only 0.05 
to 0.40 of a second. 

Some stations operate the lamp indicators from an 
alternating-current circuit and use an automatic throw 
over switch to connect the indicators to the battery on 
failure of the a.c. circuit. In stations where the battery 
is floated on the control bus in parallel with a charging 
generator the load of indicating lamps is taken from the 
control bus. Under these conditions the load of indicator 
lamps is not a steady load on the battery as the generator 
is adjusted so as to carry the load on the control bus and 
at the same time supply a small charging current to the 
battery. 

EMERGENCY LIGHTING SERVICE 

It is usual to specify that the oil-switch battery shall 
have sufficient capacity to carry the load of station lights 
during a 3-hr. emergency period. These lights are ordi- 
narily operated on an alternating-current circuit. This 
emergency lighting circuit must be so arranged that not 
over 125 volts will be impressed on the lights. 

Loss of the exciting current in an alternating-current 
generator results in loss of the load. To prevent such 
interruptions to’ service, a storage battery may be operated 
on the exciter bus. Specifications usually demand that the 
oil-switch battery shall be able to carry the exciter load 
for a period of 15 minutes. 
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Testing Insulating Varnishes 


for Electrical Machinery 


T IS DIFFICULT to judge the relative value of grades 

of varnish from their appearance, or by a superficial 
or surface inspection of samples. Of two apparently 
similar grades of varnish, one may provide a protecting 
surface which will be much better able to resist heat, mois- 
ture and insulation breakdowns than the other. It is 
probable that the grade of varnish furnishing the better 
protective coating would cost more per gallon; however, 
its use would extend the life of parts treated and would 
be more economical in the long run. 

In any plant where a considerable amount of these 
varnishes are used, it may be well worth while to make 
use of a few fundamental tests, as a protection against the 
use of inferior grades of varnish. The following tests 
taken from specifications approved by the American 
Society for testing materials were recently published in 
the Electric Journal. They are applicable in ordinary 
plant or shop practice. 


SPEcIFIC GRAVITY AS RECEIVED 
Measure the specific gravity at 21 deg. C. (69.8 deg. 
F.) of the sample varnish under test as it is received. 
Knowing the specific gravity as received and as used, the 
percentage of permissible thinning can be calculated, 
which information is useful in figuring actual costs. 


THINNING THE SAMPLE 

Using benzine, thin each sample under test to that con- 
sistency which will give equal thicknesses of film to each 
test specimen. 

This thickness of film is obtained by dipping a piece of 
0.0025 in. Kraft paper in the thinned varnish, withdraw- 
ing it slowly and uniformly, allowing it to drain for about 
one-half hour in a dust-free atmosphere, and then baking 
for six hours at 105 to 110 deg. C. (221 to 230 deg. F.). 
Reverse the strip, and give a second dip and bake in the 
same manner. The overall thickness of the coated speci- 
men should be between 0.0055 and 0.006 in. by microm- 
eter measurement. 

It may require a second or third thinning operation to 
obtain the desired thickness of film. This is more or less 
of a cut-and-try method, but the thickness of film is the 
only basis of equality for making comparative tests. 


SPECIFIC GRAVITY AS USED 


When the desired consistency has been obtained, meas- 
ure and record the specific gravity of the thinned varnish 
at 21 deg. (69.8 deg. F.). 


DIELECTRIC STRENGTH 

Prepare 10-in. square specimens of 0.0025-in. Kraft 
paper, varnished, dipped and baked as above. Place the 
coated specimens between electrodes 2 in. in diameter hav- 
ing the contact-surface edge rounded to a radius of 0.25 
in, Apply voltage at a uniformly increasing rate of 500 v. 
per sec. until puncture occurs. At least five such punc- 
tures should be made on each specimen, and the average 
taken as the dielectric strength. 

Prepare specimens of 0.0025-in. Kraft paper ten in. 
square as in the dry test. Immerse the coated specimens 
in water at room temperature for 24 hr. Remove the 
specimens from the water, wipe off the surplus surface 
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water, and immediately apply voltage to a breakdown as 
described for the dry test. The value of this test is to 
determine the ability of the varnish to resist moisture 
absorption. 


Lire ok Heat ENDURANCE TEST 

Prepare four specimens by coating 0.005-in. copper 
strips 1 in. wide and 8 in. long. Place the coated strips 
in an oven heated to a uniform temperature of from 105 
to 110 deg. C. (221 to 230 deg. F.), and test for life once 
every 24 hr., in the following manner: 

(a) At the end of each 24-hr. period of exposure to 
the heat, remove the specimens from the oven and allow 
to cool to room temperature. 

(b) Test for life by bending approximately 1 in. of 
the specimen back over itself through 180 deg. around a 
1y-in, mandrel. 

(c) If the varnish film cracks, the life is considered 
to be gone. 

(d) If the film does not crack, cut off that portion of 
the specimen which was bent, and place the remainder in 
the oven for an additional 24-hr. period. 

(e) Continue the aging test until the varnish film 
cracks. 

(f) The total number of hours the specimen was 
heated before the varnish film cracked is considered the 
“life” of the varnish. 

The following apparatus and materials are required 
to make the above tests: Hydrometer; thermometer; 
micrometer; small oven; laboratory balance; high-voltage 
testing outfit; testing terminals; sheets of 0.0025-in. 
Kraft paper; and strips of 0.005-in. sheet copper. 

If a testing transformer is not available, the treated 
specimens, with suitable designating marks, can be sent to 
any of the larger electrical manufacturers, or testing 
laboratories for dielectric tests. 


Electric Versus Oil Heating 


IN GENERAL THE B.t.u.’s generated by electricity are 
more expensive than the B.t.u.’s generated with any form 
of fuel. However, with electric furnaces the heat can be 
generated in the heating device at the rate at which it 
can be used, resulting in a more uniform heating and less 
wasted heat. 

With indirect oil heating in an oven at 300 deg. F. it 
has been found that oil at five cents per gallon is about 
equal in cost to electricity at 1.2c. per kw.-hr. including 
maintenance and overhead. 

Oil burning equipment has a greater fire hazard than 
electrical. The thermal efficiency of oil burning equip- 
ment varies from 9.9 per cent to 46 per cent, depending 
upon the installation. A large conveyor oven fed by one 
furnace was found to have an efficiency of 9.9 per cent; 
whereas, one furnace supplying heated air to six ovens, 
however, had trouble in distributing the heated air uni- 
formly through the ovens. 

At high temperatures on all vitreous enameling work, 
electric heating is much more advantageous than any other 
form of heating, for with electric heating production can 
be increased. In fact, an experienced man can detect the 
difference in enameling of work with electric ovens by 
means of the color, and it is found that the enamel is more 
adhesive when heated in an electric furnace. 
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EDITORIAL COMMENT 








Good Cheer for 1925 


In our everyday work things may become monotonous 
with our minds and activities narrowed down to details 
that require the most careful execution. Such close appli- 
cation gives little chance for reflection as to what is being 
accomplished or for planning the proper course for the 
future. Once each year, however, we pass a goal of time 
and we are reminded to check up our accomplishments to 
see whether or not we are headed in the right direction. 

As editors of Power Plant Engineering, we have 
watched with interest and admiration the accomplishments 
of the power production industry during the past year. 
Practical application has been successfully made of several 
principles which have heretofore been purely theoretical 
and of doubtful economic value. Steam pressures and tem- 
peratures are approaching their values which give highest 
efficiency for power use; steam is being used more econom- 
ically in turbines and engines; combustion equipment has 
shown considerable improvement and, what is more im- 
portant, those in charge of boiler plants are showing a 
better and more thorough understanding of their prob- 
lems; oil engines have been built in larger units which 
have proved successful; the mercury-vapor system has been 
demonstrated to be a step well in advance of present com- 
mon practice; great advancement has been made in the 
distribution of power by the inter-connection of several im- 
portant power systems. 

These citations are only a small portion of many 
changes which are taking place in the power field but they 
point definitely to the fact that engineering accomplish- 
ments are being guided and directed along scientific lines 
and that we can depend upon our engineering laws as 
already established as a foundation for future develop- 
ment. 

To all those who have served the industry in bringing 
it many steps nearer the theoretical goal of perfection— 
we editors wish you personal happiness and prosperity in 
your undertakings for the coming year. 


Successful Remodeling Demands 
Ingenuity 


According to the derivation of the word from the 
original Latin, the term “engineer” denotes “an ingenious 
man.” And nowhere is his ingenuity more fully exer- 
cised than in applying the fundamental principles of engi- 
neering to the work of improving or remodeling existing 
engineering structures. This process of keeping his engi- 
neering equipment up to date or of enlarging it, without 
discarding existing equipment unless absolutely necessary, 
without shutting down the plant and with regard for 
future necessities, includes, we believe, at least half of the 
problems that the engineer must solve. 

In saying this, we are implying no disparagement of 
the work of the designing engineer. But it seems to us 
that the importance of the work of remodeling and im- 
proving existing equipment, as well as of designing or 


maintaining it, is of fully as much importance, and that 
this importance has not been sufficiently emphasized in the 
past. It is one thing, knowing the results that must be 
obtained, to design a complete power plant from the 
foundation to the completed structure. It is quite another 
thing, however, to remodel a boiler plant, for example, in 
such a way as to install new boilers, keep the old boilers 
that are still in good condition, consider the effect of these 
changes on the future operation of the plant, remodel the 
pipe lines, enlarge the boiler house itself and a hundred 
other things—all without shutting down the plant long 
enough to cause serious production losses. 

To the power plant engineer, especially in the indus- 
trial plant, the latter work gives an opportunity to exer- 
cise all the engineering skill and business acumen he pos- 
sesses. He must consider first of all whether it will be 
more economical to remodel at all, or to build a whole new 
plant. Then, if he decides that the former should be 
done, he must be sufficiently versatile to see what changes 
in building and equipment will best produce the result he 
desires. 

These problems are not easy to solve. Often the indus- 
trial plant engineer is handicapped in trying to do so by 
a limit being placed on his budget, or by conditions in the 
factory buildings and equipment that modify his whole 
original idea. And to all he must apply the saving qual- 
ity of every-day common-sense. Engineering problems of 
this type are seldom discussed in textbooks or in a college 
class-room but in practice they are the rule rather than the 
exception. In our judgment, proper solutions of them are 
among the things that give a man the right to the title 
of engineer—an ingenious man. 


Power Show Made Practical 

It was everywhere evident, to the visitor at the third 
annual power show, that the exhibitors had profited im- 
mensely by their experience at the previous shows. This 
experience appertained chiefly to the type of exhibit in 
which the average engineer is most interested, that is, that 
type of exhibit which is not only pleasing and of an educa- 
tional nature but which actually demonstrates and explains 
the material things as they will be found in practice. The 
engineer is a being who neither dwells in the realm of 
dreams, nor does he deal at any great length with those 
things which are abstract. He is essentially a materialist 
and his world is composed of those things which are mate- 
rial. Therein lies the secret which has been divulged to 
the exhibitors through their past experience. 

As one passed a well-appointed booth, -he found a stoker 
which was driven by an electric motor. He learned that 
the machine was one of an order which would soon be 
shipped to and placed in actual service in a great steel 
mill. Some distance farther on was a new recording 
device, an instrument from stock, in fact just like the one 
the visitor would expect to unpack, if he later placed his 
order for such an instrument with the exhibitors. Passing 
to other booths, there was displayed actual power plant 
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equipment so arranged that each part could be inspected 
and its operation watched through a complete cycle. In 
addition to all this was that personal contact between 
engineer and producer whereby details of operation and 
construction could be explained so they were thoroughly 
understood. 

Thus the power show has become a meeting place where 
the printed page has become animated, the pictures and 
blue prints have turned to steel and iron and brass and the 
reading matter has become the spoken word of experts. 


Mathematics and the Engineer 

Mathematics. is said to be the engineer’s most valuable 
tool. It is more than that, however. More fittingly, it 
may be referred to as a chest of tools by the proper use of 
which the engineer can accomplish almost any desired 
purpose. Just how valuable these tools are to him depends 
solely upon his ability to use them. The greater his skill 
in using them the greater their value. 

If this is so, what is the reason for the average engi- 
neer’s antipathy to the use of any mathematics beyond 
simple arithmetic? Why is it that before the average engi- 
neering audience the use of an expression involving the 
use of one or two Greek letters, Creates an atmosphere of 
amusement? At a recent engineering lecture which the 
writer attended the appearance of a single formula contain- 
ing an exponential function, induced a ripple uf laughter 
from the audience. Although the lecturer did not go quite 
so far as to apologize for his indiscretion he hastily as- 
sured the audience that he would not repeat the offense. 

Now we don’t mean to imply that nobody in the audi- 
ence was able to comprehend the formula; there were no 
doubt many present who did, but it was apparent that the 
majority were unable to grasp it and, strange to say, they 
did not hesitate to indicate their inability in this respect, 
by laughing. 

What is the reason for this? Why this undisguised 
aversion to mathematics? Surely every one who takes 
pride in calling himself an engineer knows that the entire 
profession is built on a foundation of mathematics. Why 
then does the average engineer regard mathematics as 
being “over his head”? 

It is not our contention that every engineer should eat 
exponentials for breakfast or that he should become a 
walking table of logarithms but we believe that every engi- 
neer should be able to understand the significance of a few 
algebraic formulas at an engineering gathering without 
thinking it funny. Before a convention of haberdashery 
salesmen, to be sure, a differential equation would be out 
of place and would no doubt cause a riot, but before a 
vathering of men who profess to be engineers the use of a 
few mathematical expressions should be considered a 
tribute to their intelligence. 

In answer to these accusations regarding the average 
American engineer’s ignorance of mathematics, it will no 
doubt be pointed out that in spite of his shortcomings in 
this respect he succeeds wonderfully well without mathe- 
matics. Consider his achievements. Are not the Amer- 
ican engineers capable of performing engineering feats 
which find no equal anywhere? If he can accomplish what 
he has, why worry about his deficiency along mathematical 
lines, if such a deficiency exists? 

But it is just this fact which proves our point. All of 
our wonderful engineering accomplishments are performed 
by men who are well versed in the science of numbers. 
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Back of each great engineering development there is gath- 
ered a small group of real engineers who know how to use 
the various devices in the mathematical tool chest. They 
are the men who perform the calculations which instruct 
the shop foreman to make a piece of steel 3 in. or 14 in. 
thick or whether to put 500 turns or 100 turns of wire on 
a certain pole piece. Before a sky scraper can be erected 
or. before a battleship can be constructed, these men, skilled 
in mathematics, work out the calculations which make the 
work possible. 

We cannot all be designers nor: would such a condition 
be desirable, but it would seem that a greater appreciation 
and a more intelligent attitude towards the science of 
mathematics is necessary to justify the name of engineer. 
We don’t profess to know where the trouble is, whether it 
is because our engineering schools do not teach mathe- 
matics properly or because mere mathematical ability has 
so little commercial value. Whatever the cause, this aver- 
sion to mathematics on the part of the average engineer 
reflects against the profession, and it should be eliminated. 


When Is Efficiency Economical? 


Strange as it may seem, at first thought, it is possible 
to build engineering structures that are too efficient for 
the purpose at hand. The jurisdiction of this statement 
lies in that little qualifying phrase, “for the purpose 
at hand.” The problems of the engineer are problems of 
applied science, rather than of pure science and for that 
reason must be considered from the economic as well as 
the engineering viewpoint. In short, considering the effi- 
ciency of a given engineering structure, we find that there 
is a point of efficiency beyond which it is impracticable to 
go, because the cost of getting more efficiency becomes 
greater than the saving due to the higher efficiency. 

In the design of electrical conductors, this general 
principle is splendidly illustrated. The principle was 
stated many years ago by Lord Kelvin, who applied it to 
the design of transmission lines in the form of the follow- 
ing rule: “The economical conductor is that in which the 
current density is such that the annual interest on the 
value of each circular mil-foot equals the annual value of 
the power loss per circular mil-foot.” . 

If it were possible to operate engineering structures 
without regard to their cost, as the pure scientist does in 
the laboratory, there would never be any question of too 
much efficiency. But it is not possible and it never will 
be. For that reason, engineers should remember that, while 
thermal, mechanical and electrical efficiencies are impor- 
tant, the solution of the problem is governed by economic 
considerations. In any given case, it is well for them to 
consider the question of whether the cost of the equipment 
needed to produce efficiency above a definite point, deter- 
mined by the particular conditions, is greater than the 
cost of allowing the losses at that point to continue. 
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Third Annual Power Show Held in New York 


NumBeEr oF Exuisitors Mucu Greater THAN aT SHow Last 


YEAR. 


T IS PROBABLE that the Third Annual Exposition 
I of Power and Mechanical Engineering cannot be char- 
acterized better than to say that it was a huge, living cata- 
log of modern engineering products and processes. It was 
a catalog wherein one might inspect each item intimately 
and secure information from experts whose knowledge is 
the result of a life-long association with the special phase 
of engineering concerned. 

This show was of interest not only to the resident but 
to the visiting engineer. It was an opportunity to see and 
examine the latest machines and devices developed by 
leading manufacturers of mechanical engineering equip- 
ment, also to meet engineers and sales executives known 
through correspondence or previous business relations. 

Members of the A. 8. M. E. had a special interest be- 
cause prominent members of the Society had been con- 
sulted in all important matters relating to the management 
of the exposition. The results of this co-operation have 
been the broadening of activities, the greater diversity of 
exhibits shown and the wider range of subjects covered. 
Over 350 manufacturers were represented, their combined 
display covering approximately 150,000 sq. ft. on three 
floors at the Grand Central Palace, New York City. These 
exhibits included power plant apparatus and accessories, 
power transmission machinery, materials-handling equip- 
ment, heating, ventilating and air-conditioning equip- 
ment, refrigerating machinery, machine tools and machine 
shop equipment. 

One interesting feature of the exposition this year was 
a series of semi-technical lectures on topics which related 
to the boiler room, steam prime movers, oil and gas en- 
gines, hydro-electric power, power transmission, mechan- 
ical refrigeration and heating and ventilating. Moving 
pictures of industrial and technical character were also 
shown. This phase of the exposition was of particular 
interest to students, and those engineers who had been 
confined to specialization for some time, and who wished 
to broaden their general knowledge of engineering. 

For those engineers who could not visit the show and 
also to supplement the notes of those who attended, the 
following paragraphs bring out some of the high points 
of the exhibits. 

Yarnall-Waring- Co. had on display the Yarway-Lee 
V-notch meter, in operation and with the mechanism ex- 
posed so that it was easy to follow from the floats in the 
weir tank through to both the recording and integrating 
mechanisms. B. G. Waring pointed out that this company 
is sometimes called upon to furnish glass weirs where the 
water to be metered contains acids or other corrosive sub- 


Exuisits WERE OF AN UNusuALLy INstrRucTIVE NATURE 


stances. his company also had on display its new type B 
balanced seatless hollow-piston-type blowoff valve, in 
which pressure is admitted to all sides of the sliding 
cylinder, so that the valve is balanced and can therefore 
be used for any boiler pressure. For pressures of 500 |b. 
and over, the hand wheel of this valve is equipped not 
only with a crank but also with planetary gears, the ratio 
of which is 3 to 1, which assures the operation of the 
valve at high pressure and helps compress the ring pack- 
ing, which is a distinctive feature of the Yarway piston- 
type blowoff valve. The Yarway double-packing valve, 
which is also used for blowoff purposes, is now equipped 
with a worm and sector in order that it may be advan- 
tageously used for pressures of 400 to 800 lb. Yarway- 
Waring spray nozzles were also exhibited. 

One of the features of the Sarco Company’s exhibit 
was its new No. 9 steam trap, which is operated ther- 
mostatically and has great capacity because of a large 
valve area and quick, high lift when discharging. The 
Sarco packless-inlet valves were also on display, constructed 
with a helical tubing so that it is possible to eliminate 
packing of any kind. Other products shown by this com- 
pany were temperature regulators, radiator traps, stéam 
traps and strainers. 

At the booths of the General Electric Co. was the new 
G-E air cooler, which is a device whereby air may be cooled 
and the extracted heat used to raise the temperature of 
water. This cooler consists of. a water box at each end, 
these boxes being connected by a great number of either 
5g or 1-in. outside diameter tubes, of either Muntz or 
Admiralty metal as required. To increase the external 
radiating surface, the tubes are wound with spiral fins 
made from a continuous length of copper ribbon and shoul- 
dered and soldered in place. One important application 
of this cooler is to the closed system of ventilation for 
turbo-generators. This company also exhibited its new 
three-phase, brush-shifting motor which is for use on alter- 
nating current and can be designed for a speed ratio of 
4 to 1. Other exhibits were the new electric flow meter 
and the mechanical drive turbine which is regularly fitted 
with reducing gears. 

George S. Hendrickson, New Tet: manager for the 
Republic Flow Meters Co., pointed out the advantages of 
its new pyrometer, which is of the thermo-couple, gal- 
vanometer type. It is double pivoted, of high resistance 
and is made in either the single-pen indicator type, or the 
double roll chart recording type. The double roll chart is 
6 in. wide, the record being made by means of a depressor 
bar and a carbon ribbon. These instruments can be made 
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to cover any ordinary range specified by the purchaser. It 
was also pointed out that the new Republic steam flow 
meter has been improved-so that a change of 10 per cent 
or more in the impressed voltage on the machine is barely 
perceptible on either the recorder or indicator. A further 
development by this company is that of a coal meter which 
is applicable to chain grate stoker installations. This 
meter, which must be calibrated according to the height of 
the coal gate, reads in a constant which can readily be 
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which had been cut away so that its entire mechanism 
could be seen. J. E. McDonald pointed out that this com- 
pany is making a line of forged steel valves in sizes from 
1, to 2-in. inclusive. These are of the O. S. and Y. type, 
and are designed for pressures up to 500 lb. per sq. in. 
This company is also making a line of bronze valves which 
are of the O. S. and Y. type, fitted with forged bronze 
bonnets. It was specifically pointed out that the body and 
flange of all forged-flange valves are in one solid piece. 
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PLANETARY GEARS WHEN USED FOR HIGH PRESSURE. 


CO. WAS DISPLAYED THE NEW G-E SURFACE AIR COOLER. 








YARNALL-WARING TYPE B BALANCED SEATLESS HCLLOW-PISTON TYPE BLOWOFF VALVES ARE EQUIPPED WITH 
FIG. 2. 
TURE REGULATORS, RADIATOR TRAPS, STEAM TRAPS AND STRAINERS. 
FIG. +. 
A VARIATION IN VOLTAGE HAS PRACTICALLY NO EFFECT ON THE 


PRODUCTS EXHIBITED BY THE SARCO CO. WERE TEMPERA- 
FIG. 3. AT THE BOOTH OF THE GENERAL ELECTRIC’ 
REPUBLIC FLOW METERS ARE NOW SO CONSTRUCTED THAT 


ACCURACY OF THE RECORD MADE. FIG. 5. ATWOOD 


INTERLOCKED WELDED NECKS AND BOTH LIBERTY AND PAYNE DEAN VALVE OPERATING MECHANISMS WERE DISPLAYED BY 


THE PITTSBURGH VALVE, FOUNDRY AND CONSTRUCTION CO. 


FIG. 6. 


BUNDY STEAM TRAPS FOR VARIOUS SERVICE WERE 


SHOWN IN ACTUAL OPERATION 


converted to the volumetric or weight measurement of coal 
which is being fed to the stoker. 

Valves which are designed to operate at steam pres- 
sures between 400 and 600 lb. are the specialty of The 
Edward Valve and Mfg. Co. Of particular interest at this 
exhibit was an 8-in. steel vertical stop and check valve, 


This line is made in sizes from 1 to 2 in., and for pres- 
sures up to 900 lb. 

Information on the metallurgy of steel was to be had 
at The Chapman Valve Mfg. Co.’s exhibit, where were to 
be seen samples of all the various ingredients which are 
required for the production of alloyed electric steels. Mi- 
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croscopic photographs were also on display which showed 
the structure of various grades of iron and steel, both 
annealed and unannealed. Frank C. Shannon, manager of 
the power plant department, was particularly enthusiastic 
over what his company calls its chrome-nickel steel, having 
the following characteristics when tested at a temperature 
of 900 deg. F.: tensile strength, 80,000 Ib. per sq. in.; 
reduction in area, 54 per cent; elongation in 2 in., 26 per 
cent. As is apparent, this steel is of particular advantage 
for use where high temperatures and pressures are en- 
countered. On display were a number of steel fittings 
and valves made from the new chrome-nickel steel. The 
larger types of valves exhibited were made, some with 
screwed joint connection, some with raised face type of 
connection and others with the new sargol flange con- 
nection. 

New equipment featured by The Permutit Co. was the 
Ranarex CO, indicator and recorder, which is a mechan- 
ical device that does not use absorption. Its operation is 
based on the difference in specific weight between air and 
flue gas, both of which are brought to the same tempera- 
ture and corresponding humidity as they first enter the 
instrument. The recording apparatus consists of two 
similar gas-tight chambers, one for flue gas and the other 
for air. In each chamber is a motor-driven impeller, 
which continuously draws in gas or air, as the case may 
be, imparting a whirling motion to the gases which in 
turn exert a force upon the vanes of impulse wheels, secured 
to the recording mechanism. The impellers in the two 
chambers rotate in opposite directions, hence, the forces 
produce opposing torques on the two shafts and the im- 


pulse wheels. .These two shafts are coupled together by 
means of levers and connecting links, so that the impulse 
wheels cannot make a complete rotation: but will turn 
through a part of a rotation depending upon the velocity- 


density factor between the air and the flue gas. The 
weight of CO, is about 50 per cent higher than that of the 


main constituents usually present in flue gas; therefore, 


since the velocities are the same, the difference in torque 
on the impulse wheels must always be represented by the 
percent of CO, in the flue gas. This instrument is made 
in but the one model which indicates and also records the 
percent of CO,. In addition to showing this indicator- 
recorder, The Permutit Co. displayed a small model of its 
water softening system. 

At the booth of the Pittsburgh Valve, Foundry and 
Construction Co. was shown the interesting method which 
they employ for welding pipe line joints and Atwood inter- 
locking welded necks. The line joint weld is made by 
first swaging one section of the pipe to be joined. The 
other section is then forced into place and, as the swaged 
section shrinks, what is in fact a shrink fit is obtained. 
The joint is then welded closed. The Atwood interlocked 
welded netk is constructed by cutting slots at the four 
quadrants of the opening in the pipe, so that every other 
lip can be turned in. The neck is then fitted in place and 
these lips are pressed against it. It is claimed that the 
full strength of the pipe is developed by this means of 
holding the neck in place. The final operation consists of 
welding the neck to the pipe. In this booth was also ex- 
hibited the Liberty Valve Operator, which is made by the 
Liberty Electric Corp. Either the Liberty valve operator 
or the Payne Dean motor control can be supplied for use 
on Pittsburgh Valve, Foundry and Construction Co.’s 
equipment. 
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Exhibit of the Coppus Engineering Corp. consisted of 
its type C turbo-blower which is used for undergrate draft ; 
also its Vano blowers which operate against pressures up to 
8 in. of water and, therefore, can be employed where cen- 
trifugal blowers are often used. The Coppus centrifugal 
turbo-blower feed pump is a compact unit which can be 
furnished driven by either a turbine or an electric motor. 

E. M. Stevens, sales manager, and-W. W. Booth, New 
York representative for the Bundy Steam Trap Co., out- 
lined as follows the operation of a system of traps which 
were in operation in its booth. A boiler which was main- 
tained under a pressure of about 20 lb. was so piped that 
for a given water level it would overflow to a separating or 
tank trap which lifted the water under its own pressure to 
an open tank 8 ft. above the floor. The water then flowed 
by gravity to a feed valve lifting pump, or vacuum trap, 
which was located 3 ft. below the tank. This trap then 
pumped the water, or condensate, to a small receiver which 
was about 10 ft. above the floor, from which the water 
flowed by gravity to a boiler return trap which was about 
1 ft. below this receiver. It was stated that Bundy traps 
are now in operation at 350 lb. steam pressure and at a 
temperature of 200 deg. F. 

Display of The Keystone Lubricating Co. consisted of 
a working model of the Keystone safety system of grease 
lubrication. Lubricators, cups and a hot plate demonstra- 
tion of Keystone liquid grease were also shown. 

National Tube Co. had on display all sizes of Shelby 
seamless mechanical tubing, boiler tubes, Vanstone flanges 
and National welding scale free pipe. The Vanstone 
flanges shown were for moderate-pressure work and ranged 
in size from 4 to 24 in. W. L. Schaffer stated that all pipe 
up to 18 in. outside diameter can be obtained in lengths 
up to 40 ft. Lap-welded pipe can be obtained in sizes 2 
to 30 in. Hammerweld pipe is furnished from 20 to 96 in. 
and buttwelded pipe from 1 to 3 in. 

Curtis engineering specialties manufactured by Julian 
d’Este Co. were on display in the booth of Boig & Hill, Inc., 
New York representatives. W. T. Hill pointed out the 
new type G regulator, which is made without screw threads 
in the internal construction, the advantage of this being 
that any part of the regulator can be replaced without re- 
moving the body of the regulator from the line. 

In the line of tube cleaners manufactured by The Roto 
Co., the cleaner which is made especially for locomotive 
arch tubes has been changed. It was found, after a great 
amount of experimentation with various sizes and shapes 
of arch tubes, that the cleaner would work better if the 
diameter of the body was increased and this was done, with 
the result that the machine will follow through and clean 
any curve without jamming in the tube. 

Dura-stix is the trade name of a binder used in fire- 
brick, silica tile and granular refractory construction. It 
is manufactured by the Keystone Refractories Co., Inc., of 
which F. W. Reisman is president. Other products of this 
company are, Steel Veneer which is a dense granular re- 
factory used with Dura-stix as a facing over new firebrick 
settings and Key-Cel-Brix, which is a calcined insulating 
brick, having a crushing strength of over 1100 Ib. per sq. 
in. and showing no shrinkage up to about 2200 deg. F. 

Remote control is receiving more attention this year 
than ever before, as was clearly shown by an exhibit of The 
Bristol Co. of long distance recorders for temperature, pres- 
sure and motion. These distance recorders consist of two 
units, one usually located somewhere near where the record 
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is being made. Its construction is similar to the ordinary’ 


type of Bristol recorder, except that it can be tied in by 
means of an electric circuit with the second unit which 
may be located at any desired distance. 


these long distance recorders were shown the regular line 
of recording thermometers, indicating and recording pyro- 
meters, recording pressure gages and recording ammeters 
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the voltage, is below normal. Another interesting develop- 
ment is the adaptation of the pyrometer for indicating the 
water level in a boiler, by furnishing a supplementary water 
column in which is located a staff around which are wound 
thermo-couples of various lengths. As the water rises and 
falls it covers or uncovers the thermo-couple junctions, 
thus indicating on the pyrometer the height of the water 
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FIG. 7. 


FREE PIPE WERE EXHIBITED IN A GREAT VARIETY OF SIZES BY THE NATIONAL TUBE CO. 
A PULVERIZED 


EXHIBITED A COMPLETE WORKING MODEL OF 


SHELBY SEAMLESS MECHANICAL TUBING, BOILER TUBES, VANSTONE FLANGES AND NATIONAL WELDING SOALE- 


Fic. 8. 
MATERIAL TRANSPORT SYSTEM. 


FULLER-LEHIGH CO. 
FIG. 9. FREDERICK 


STOKERS, LOPULCO HOLLOW WALL FURNACE CONSTRUCTION AND WATER-COOLED FURNACE WALLS WERE EXHIBITED BY THE 


COMBUSTION ENGINEERING CoRP. FIG. 10. 
MOUNTED THE INSTRUMENTS NECESSARY FOR 
WATER LEVEL INDICATORS AND A FOUR-PEN RECORDING 
THE FOXBORO CO. FIG. 12. 

EXHIBITED BY THE 
and voltmeters. The recording ammeter has readily proved 
its usefulness as a salinity indicator. A new development 
in the line of recording voltmeters is the Bristol contact- 
making voltmeter, which records only during such time as 


BAILEY METER CO. EXHIBITED AN 
A. COMPLETE RECORD OF BOILER ROOM OPERATION. 
INSTRUMENT WERE 
VALVES AND FITTINGS, CONFIRMING 


INSTRUMENT PANEL ON WHICH WAS 
FIG. 11. BOILER 
THE NEW PRODUCTS EXHIBITED BY 
TO THE NEW HIGH PRESSURE STANDARDS, WERE 


LUNKENHEIMIiR CO. 


level in the boiler. The advantage of this arrangement is 
that the pyrometer may be located at any convenient dis- 
tance from the boiler. 

H. C. Fling pointed out that the corrugated copper 
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gaskets, made by the Metallo Gasket Co., can be compressed 
one-half of their thickness. The gasket is made 14 in. 
thick and can readily be compressed to ;'g in. in thickness. 

McLeod & Henry Co., with John Foote and F. V. 
Tuttle in charge, showed “steel mixture” boiler furnace 
refractories, the Foote back arch, sidewall blocks, fire door 
lining and their suspended arch construction. 

Dearborn Chemical Co. showed its boiler feed water 
treatment and No-Ox-Id rust-preventive lubricant. The 
latter was demonstrated by means of a miniature con- 
denser coil which had been covered with this rust preven- 
tive and over which a stream of water was allowed to run. 

Comparative conductivity of heat between ordinary fire 
brick and Sil-O-Cel insulating brick was demonstrated at 
the booth of the Celite Products Co, by a small electrically 
heated furnace which had been constructed of Sil-O-Cel 
brick. One brick in the furnace roof was of ordinary fire 
clay. A pyrometer indicated the temperature inside the 
furnace and thermometers showed the outside tempera- 
tures of both the Sil-O-Cel brick and the fire brick. 

H. A. Reichenbach of the Fuller-Lehigh Co. explained 
the operation of its pulverized coal equipment as it is 
applied to boiler plants. This exhibit consisted of a work- 
ing model of a complete pulverized material transport 
system and also a model of the Randolph vertical drier, 
which makes use of waste chimney gas to dry the coal 
preparatory to its being pulverized. One feature of this 
exhibit was the Fuller triplex feeder, which is now gang- 
driven from one source of power, each feeder being con- 
nected to the drive shaft by means of a clutch, so that it 
is completely under the control of the operator. Where 
a motor is used to drive this feeder, the speed range is gen- 
erally chosen as from 300 to 1200 r.p.m. 

Four additions have been made to the already extensive 
line of the Fisher Governor Co. One of these is the new 
Type 108 hydraulically-operated double-seated throttle 
valve. Another is the new Type 88 vacuum regulator, 
which is designed for mounting directly on the suction 
line of a pump and functions as a protective device when 
pumping out tanks. The Type 210 gas pressure regulator, 
also a new development, is designed to be placed in the gas 
line to burners and is so arranged that it will remain open 
as long as the gas is flowing under normal pressures but a 
reduction in the gas pressure, or a failure in the gas line, 
will cause the valve to close. It will not open automat- 
ically but must be reset by the operator. The fourth 
new development is the Fisher safety and vacuum valve, 
which is most often used in oil refineries. It can be de- 
signed as a protective device against either an unexpected 
pressure or vacuum. Representatives from the factory 
were C. D. Peterson, L. W. Brown and Jacob Lige. 

At the booth of the Tidewater Oil Sales Corp. were 
many samples of the various grades of lubricants which 
are produced by that company. In addition was shown an 
extremely interesting chart on which had been sketched 
the various steps in the production of oils which are used 
for combustion and those which are used for lubrication. 
At each step a sample bottle of the product, as it stood at 
that point in the process, was hung on the chart, so that 
it was possible to follow through the refinery process, and 
to gain an excellent idea of the appearance of the various 
oils and waxes at the end of each manufacturing step. 

Mono Boiler Baffing and high-temperature cements were 
shown by the King Refractories Co., Inc. The high tem- 
perature cements, of which there are several grades, go 
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under the name of Flame brand, the numerous grades 
being adapted to the various requirements in the construc- 
tion of a boiler furnace. 7 

C. R. Vincent of the Vincent-Gilsen Engineering Co. 
was enthusiastic over the reception which has been accorded 
by the engineering public to the new soot blower barrier 
elements, which have been recently gotten out by the 
Diamond Power Specialty Corp. These barriers are de- 
signed principally for the protection of the soot blower 
elements which are nearest to the flame and consist of cast- 
steel sections, one being mounted on each tube, through 
which the soot blower clement is passed. Notches are left 
in the barrier so that the blower nozzles are not obstructed. 
By making the barrier in sections, it will not interfere with 
warpage of the tubes, nor will expansion of the barrier set 
up harmful stresses within the boiler. The Vincent-Gilsen 
Engineering Co. also displayed Carling Turbine Blower 
Co.’s products, the Falls Engine Stop, which is manufac- 
tured by the Gas Combustion Co., and the Tracey purifier 
made by the Andrews-Bradshaw Co. 

A. W. Peterson, Jr., of the Engineer Co. was busy 
explaining the details of the new Enco combustion con- 
trol equipment. The advantages of this equipment are 
that it can be placed under complete automatic control, or 
it may be set to segregate any one boiler, any functions of 
a boiler, or a group of functions on a number of boilers. 
The master control operates on steam pressure. An indi- 
vidual air control increases or decreases the fan speed, thus 
changing the static pressure in the air ducts to the stoker. 
This control is tied in electrically with the master control, 
hence, operates according to changes in steam pressure. 
The individual stoker control is operated by means of a 
velocity indicator which is attached to the wind box for 
the stoker. As the fuel bed thins down, the velocity of 
air increases and the stoker control feeds in more fuel. 
The damper control operates from a furnace pressure 
regulator, therefore, as the pressure within the furnace in- 
creases or decreases, the damper will float to maintain a 
furnace pressure previously decided upon. Other exhibits 
of the Engineer Co. were balanced draft equipment, Enco 
fuel oil burners and Turner baffle walls. 

When the Northern Equipment Co. builds Copes feed 
water regulators, for pressures of 1200 lb., it constructs the 
expansion tubes of steel. The feed water control valve, 
which is used for these high pressures, is balanced and 
requires the exertion of only extremely small force on the 
operating lever. A valuable device which has been added 
to the Copes valve is a valve opening indicator, which is 
connected mechanically to the valve lever and may be 
located where it can be conveniently seen by the operator. 

At the booth of the Vulcan Soot Cleaner Co. was dem- 
onstrated the simplicity of the valve-operating head of the 
Vulcan soot blower unit. , 

W. F. Keenan of the Power Specialty Co. believes that 
the radiant type of superheater will become more and more 
popular as the demand for higher superheat increases. 
Radiant superheaters, as made by this company, consist of 
forged steel elements, which are approximately square in 
cross section. These elements are mounted flush with the 
front face of the furnace wall and are connected at each 
end to inlet and outlet forged steel manifolds, or headers, 
placed outside of the wall. The Foster superheater is still 
the design used for the convection type of superheater. 
The Foster economizer is also a standard product of this 


company. 
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Two and one-eighth in. indicates 1 lb. pressure on the 


30-in. diameter master pressure gage exhibited by the. 


Ashton Valve Co. These master gages are usually con- 
structed for only a 30-lb. range and are provided with 
illuminated dials, but may be built for any pressures de- 
sired. In addition to the above feature, there was also 
exhibited the new Ashton high capacity safety valve, which 
is constructed at the present time for pressures up to 750 
Ib. 

Huber stokers, in both the hand-operated and mechan- 
ically-operated types, were exhibited by Flynn & Emrich 
Co. In this stoker the raw coal is fed by power from a 
coal hopper to a coking ledge, above which is constructed 
a fire-brick arch. The partially coked coal then falls from 
this ledge to the lower grate. In the hand-operated stoker, 
alternate bars of this lower grate may be moved by hand 
so that the coal will be fed progressively from the front 
end to the rear end of the stoker; in the mechanically-op- 
erated stoker, these grate bars are power operated. The 
power used for both types of stoker is an hydraulic cylin- 
der which will operate on 40 lb. water pressure. A feature 
of these stokers is that openings have been provided to 
admit air, when necessary, over the coal which is on the 
coking plate, and also through what would normally be the 
dead plate of the lower grate. In this way it is possible 
so to distribute air over and through the fire that the com- 
bustible may be burned in an éfficient manner. 

The exhibit of the Griscom-Russell Co. was exception- 
ally complete and instructive including a number of ex- 
pansion joints, the Reilly water heater, oil heaters, multi- 
whirl coolers, U-fin cooler, evaporators and G-R multi- 
screen filters. The most recent development by this com- 
pany is the G-R benttube evaporator, which is made self- 
scaling by giving the tubes a slight bow. The tube headers 
are arranged vertically and are large enough to accommo- 
date two vertical rows of tubes. The headers of each tube 
section being held rigidly together at both top and bottom. 
The advantage of this is that, with a change of tempera- 
ture in the tubes, they will expand or contract thus in- 
creasing or decreasing the bow in the tubes, which will 
cause scale to crack and fall off. A further advantage of 
this evaporator is that any header section may be removed 
and its connection to the evaporator blanked off without 
greatly reducing the capacity of the evaporator. 

R. H. Beaumont Co. placed on exhibit its new drain- 
pivoted ash gate. The feature of this gate is that a hinged 
water trough is arranged to capture all water which drains 
from the lowest point of the gate. When the gate is 
opened, this water trough swings down and dumps into the 
ash car any ash which may have accumulated in it. The 
gate proper is made of cast iron and faced with a steel 
plate, spaced away from the cast iron so that air may pass 
between the two-and thus keep the steel plate cool, the steel 
plate being in contact with the hot ash. These gates are 
designed to be operated either by hand or by a hydraulic 
cylinder. They are erected on the ash hopper so that they 
open lengthwise to the ash car, which avoids moving the 
car in order to completely fill it. 

John H. Allen of the Everlasting Valve Co. explained 
that these valves were designed for pressures up to 450 lb. 
By January first, however, they would be in position to 
quote on and furnish valves which will withstand a pres- 
sure of 750 lb. 

Water-cooled furnace walls were part of the boiler 
economy methods which have recently been established at 
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Hell Gate Station. These furnace walls were of the stand- 
ard construction for water-cooled furnaces, as manufac- 
tured by the Combustion Engineering Corp. The side 
walls consist of 4-in. tubes arranged vertically and spaced 
7 in. on centers. Each tube has two longitudinal steel 
fins welded to it, diametrically opposite each other. These 
tubes are then placed in the furnace so that the fins over- 
lap, thus presenting a continuous water-cooled surface to 
the radiant heat of the furnace. These water-cooled side 
walls not only replace practically all of the brick work in 
the side walls but afford considerable protection to the 
front and rear walls by absorbing the heat which they 
reflect. A section of this construction was on exhibition. 
In addition to the above there was the Combustion Eng1- 
neering Corp.’s air heater, pulverized fuel equipment, 
two retorts of the new Frederick underfeed stoker, sections 
of both the Coxe and Green chain grate stokers and a cor- 
ner section of hollow furnace wall construction. An inter- 
esting development by this company has come about with 
its placing stokers of great width in the midwest coal fields. 
The ordinary Coxe stoker construction is not well adapted 
to extra wide stokers. Therefore, it has been modified to 
use a plain bar, which is similar to the Green grate clip. 
This stoker, which is known as the C-G traveling-grate 
stoker, can be made in any width and, as previously stated, 
is adaptable to the burning of midwest fuel, also where ex- 
tended banking periods are necessary. 

J. P. Ferguson of the Reading Steel Casting Co., Inc., 
displayed a new line of rising-spindle bronze gate valves, 
made with a one-piece wedge, in sizes 14 to 2% in., and 
for steam working pressures up to 125 lb. This company 
is now prepared to furnish cast-steel fittings-and valves 
based on the new standard for high-pressure work. The 
Pratt & Cady Co., a division of the Reading Steel Casting 
Co., were also represented in the exhibit. 

Display of the Bailey Meter Co. was interesting as on 
one panel board were mounted all of the instruments which 
would be required for an ideal installation. Directly above 
this board was a colored chart indicating just where each 
instrument should be used. The instruments shown on this 
board were all of the flush mounted type. It is now stand- 
ard practice with this company to recommend the use of 
copper tubing and compression fittings in the installation 
of all their meters. The Bailey tachometer was shown, as 
was also a new type of temperature bulb which can be 
strapped directly to the outside of a steam pipe, thus elim- 
inating the necessity of drilling and tapping for a bulb 
well. This new device is tapered off so that the pipe cover- 
ing will fit over it smoothly. KE. G. Bailey was present at 
the show. 

At the booth of The Superheater Co., W. H. Armacost 
pointed out that the two Elesco superheater units which 
were on display had been built for the Utica Gas & Elec- 
tric Co. where they were to be installed with 76 similar 
units for four boilers, the rating of each boiler being 1610 
hp. Many photographs of Elesco superheater installations 
were shown, also cards on which were mounted samples of 
both the forged return bends and superheater ball joints 
taken at various steps in the process of their manufacture. 

American Arch Co., Inc., suspended arches consist of 
pressed steel clips and sectional angle runners, supported 
from cross carrying members. Alternate courses across the 
furnace of suspended and interlocking filler-tile permit 
ready renewal of any section and the introduction of ver- 
tical powdered coal or refuse burners through the filler 
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course without special and expensive steel framing. The 
same patterns of tile are used in the pivoted rear of the 
combustion arch as are used in the construction of the 
ignition arch. 

Of particular interest at the exhibit of the L. J. Wing 
Mfg. Co. was the featherweight unit heater. This heater 
employs a heating element of seamless copper tubing, with 
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tural members. As pointed out by L. E. Seelig, the exhibit 
was made complete by showing of the E-M Blower, which is 
used when burning small anthracite, screenings and slack, 
also the Wing turbine blower which has been a standard 
product of this company for some time past. 

Steam flow meters, which record directly in pounds per 
hour, are now being manufactured by the Foxboro Co., 
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FIG. 13. ONE OF THE FEATURES OF THE BETHLEHEM SHIPBUILDING CORP. EXHIBIT WAS THAT OF THE BETHLEHEM- 
WEIR TURBO FEED PUMP. FIG. 14. AMERICAN SCHAEFFER & BUDENBERG CORP. NOW MAKES ALL OF ITS INDUSTRIAL 
THERMOMETERS WITH MONEL METAL BULBS. FIG. 15. ASH SLUICE WAYS, CAST-IRON COAL BUNKERS AND WATER COL- 
LECTING ASH GATES WERE SHOWN BY THE ALLEN-SHERMAN-HOFF CO. FIG. 16. THE C. H. WHEELER MFG. 00. EX- 


HIBITED ITS RADOJET AIR PUMPS AND A DYNAMOMETER. 


FIG. 17. RILEY SUPER-STOKERS AND THE HARRINGTON CHAIN 


GRATE STOKER WERE DEMONSTRATED BY THE SANFORD RILEY STOKER CO. FIG. 18. OPERATION OF THE QUIGLEY CEMENT 
GUN WAS EXPLAINED AT THE BOOTH OF THE QUIGLEY FURNACE SPECIALTIES CO. 


air passing through the tubes and steam surrounding 
them. A Wing Scruplex fan is employed to direct the air 
through the heating element and through the outlet, motors 
used on these fans being ball-bearing and of the vertical 
type. These heating units are extremely light in weight 
and can therefore, be readily moved from one place to an- 
other, also, when suspended from the ordinary roof con- 
struction, do not necessitate strengthening of any struc- 


Inc. These meters operate by means of an orifice plate 
and a U tube of mercury. L. C. Champion pointed out 
that two additional new products of this company are the 
boiler water level indicator and a new four-pen recording 
instrument. The water level indicator is adaptable to all 
boiler pressures and is arranged so that an indication of 
the water level can be brought down so that it is easily 
read by the operator. The four-pen recorder finds its 
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greatest application for use on bleeder heaters. The Fox- 
boro Co. is prepared to furnish its instruments in either the 
flush type or wall mounted type. 

Valves and fittings conforming to the new high-pres- 
sure standards for 400, 600 and 900 lb. pressure were 
exhibited by The Lunkenheimer Co. Of particular interest 
at this exhibit was a 16-in. cast-steel gate valve, designed 
to operate at 400 lb. pressure and 750 deg. F. and equipped 
with a Payne-Dean control system. Frank P. Rahme, 
Oliver S. Gang and Walter A. Reynolds were representa- 
tives at this booth. 

The exhibit of the Wheeler Condenser & Engineering 
Co. included an unusually complete display of their Cres- 
cent brand condenser tubes, Wainwright expansion joints, 
the new Wheeler hot well pump, an Alberger-Curtis steam 
turbine and a Wheeler steam jet air pump. A model of a 
cooling tower was also exhibited. The newest development 
of this company is the two-stage centrifugal hot-well pump, 
on which the stuffing-boxes are under pressure, which fea- 
ture eliminates the use of sealing water. The stuffing- 
boxes on this pump are extra deep and are provided with 
special packing glands so as to facilitate repacking when 
the pump is in operation. 

Exhibit of The American Brass Co. consisted of an 
attractively arranged display of the products of that organ- 
ization which cover practically the entire field of brass and 
copper products. These products go under the trade name 
of Anaconda and consist of trolley-wire, power cable, spe- 
cial shapes, condenser tubes, welding rods, sheets and 
tubes. A great variety of die-pressed parts and extruded 
shapes were also shown. ; 

One new development of the Cochrane Corp. is an elec- 


trically controlled multi-port exhaust valve, which consists 
of a number of small discs, each of which is spring-loaded. 
Beneath the valve deck-plate are dash pots which play an 
important part in the opening and closing of the valve 


discs. ‘The discs, stems and springs are suspended from 
a plate which can be moved in a direction parallel with 
the axis of the valve stem, so that the springs may be com- 
pressed more or less and thus change, within fixed limits, 
the pressure against which the multi-valves will open. The 
motor-operated valve is arranged for remote control and 
is equipped with both upper and lower stop limits, so that 
the valve will not jam in its travel in either direction. The 
lower stop limit cuts off the valve travel before the springs 
are completely compressed, thereby avoiding the possibility 
of completely closing off the valve. 

The Bigelow Co. showed a model of the Bigelow- 
Hornsby water-tube boiler, a full-size front course and head 
of a horizontal return tubular boiler and two drum sec- 
tions of its standard water-tube boilers. These two sec- 
tions were mounted so that the visitor’s attention was 
called to the method of seating the tubes in the drum head, 
also the method employed by the company of arranging the 
baffling between the nests of tubes. 

J. L. Richardson was responsible for the excellent ex- 
hibit of the Bethlehem Shipbuilding Corp., Ltd., actual 
machines being brought from the factory and mounted in 
the booth. Among these were the Bethlehem-Weir feed 
pump, which is of the vertical, direct action type and is 
designed to operate at a moderate speed; the Bethlehem- 
Weir turbo feed pump, which is a compact, self-contained 
unit, the pump being driven by a direct-connected turbine, 
which is mounted on the pump casing. This unit is hyrau- 
lically controlled and automatic in action. The pump is 
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of single stage type and is suitable for high pressures 
found in modern power plant practice. The turbine is of 
the impulse type with one pressure and several velocity 
stages. Another prominently featured product of this com- 
pany was the Dahl mechanical oil-burning system. This 
included the complete system from oil pumps and heaters 
on through to the burners. Still another product shown 
was the Bethlehem-Trout heavy-oil engine which is of the 
two-cycle airless injection type. 

New equipment which was featured by the American 
Schaeffer & Budenberg Corp. was a complete line of flush- 
mounted recorders and indicators. The line of this com- 
pany is being rounded out so that it will incorporate a 
complete list of pressure, temperature, level and vacuum 
controlling apparatus. A feature brought out this year 
is that all industrial thermometers are now made with 
Monel metal bulbs. 

Allen-Sherman-Hoff Co. displayed a section of its new 
cast-iron coal bunkers, standardized sectional-plate cast- 
iron ash hoppers and ash hopper gates. The outstanding 
feature of the coal bunker is that the load is carried by 
steel bands and not on the cast-iron plates which are used 
because of their corrosion-resisting properties. The plates 
are held in place by bolts which are secured to lugs on the 
outside surface of the cast-iron plates, so that the bolts do 
not come in contact with the coal. Ash hoppers, as made 
by this company, have undergone no changes except that 
the ash gate is increased in height and the water-carrying 
surface is sloped toward one end. This greatly facilitates 
the removal of quenching water as it is necessary to pro- 
vide a water-collecting trough at but one end of the gate. 
Another interesting display by this company was its 
method for intermittently sluicing the ash from the boiler 
ash hoppers. The ash in this system is moved by means of 
the velocity of water jets rather than by the flow of a large 
volume of water. The advantage of this is that there is no 
slope to the sluice-way, hence additional head-room does 
not have to be provided at one end of the boiler room. 

Simplex boiler feed meters for use with water at any 
temperature were displayed, under the direction of W.. K. 
Sowden, by the Simplex Valve & Meter Co. They are 
made in either the floor-mounted or flush panel-mounted 
type. 
A. Pohlman and R. M. Williams, who were at the booth 
of The Williams Gauge Co., stated that the Stets boiler 
feed controller can be obtained for high-pressure work. 
The Williams Gauge Co. was also exhibiting special water 
columns which can be used for pressures up to 500 Ib., also 
high and low-water alarm columns, ball type gage cocks 
and pump governors. 

C. H. Wheeler Mfg. Co. exhibited its vacuum pumps, 
dynamometers and “Interafter” condenser and radojet air 
removal pumps. The radojet, designed for cold water sys- 
tems, was of the latest type. Another interesting feature 
of this exhibit was a model of the new Municipal Power 
Plant at Lansing, Mich., known as the Moores Park Sta- 
tion, for which the condensing equipment was furnished by 
the C. H. Wheeler Mfg. Co. 

O. C. Sheldon and Mr. Riley were at the booth of the 
Sanford Riley Stoker Co. where the products of this com- 
pany were in operation. One of these consisted of two 
retorts of the Riley super-stoker, which stoker is designed 
for large central stations and industrial plants where high 
capacity and efficiency are desired. It is built in depths up 
to 20 ft. and has a coal-burning capacity up to 3000 lb. of 


















coal per hour per retort. The super-stoker may be equipped 
with either clinker-grinder or the rocker type of dump. 
The other feature of the Riley exhibit was that of a com- 
plete Harrington stoker. This stoker was of standard size, 
4 ft. in width by 9 ft. in length. It-was equipped with 
the new type of side clip which is now standard with this 
stoker. 

The Paul B. Huyette Co. are representatives for the 
Jos. W. Hays Corp., the Ajax regulator of the National 
Regulator Co., The Reliance Gauge Column Co. and the 
flow-meter division of the General Electric Co. In addi- 
tion to these lines it also carries its own products which 
are known as the P. B. H. line of water gages and gage 
cocks. Special attention was called to the Reliance high- 
pressure forged-steel water column with nickel seamless 
floats. Special features of the Hays exhibit were the new 
automatic recording hydrometer, multi-type direct-reading 
draft gage, pointer-type draft gage and the indicating 
recording draft gage. 

Foster Engineering Co. was featuring two new prod- 
ucts. One is a non-return valve which is constructed 
with through bolts and which is designed for high-pressure 
service. The valve of this type which was exhibited was 
for use with steam at 400 lb. pressure and at a temperature 
of 800 deg. F. The other feature of this exhibit was the 
new Foster flexible joint which is constructed with a 
spring follow-up, thus insuring tightness and long life of 
the packing. 

At the exhibit of the Quigley Furnace Specialties Co., 
Inc., H. T. Matthew was demonstrating a method of fur- 
nace wall construction which has been successfully used 
at one of the plants of the New York Central R. R. This 
construction consists of an outer surface course of firebrick. 
Spaced 4 in. from the inner surface of this brick wall is 
placed one course of expanded metal, which is held in place 
by bolts extending through the brick wall. Hytempite 
mixed with crushed firebrick is then packed between the 
brick wall and the expanded metal and also built up to 
form a 4-in, monolithic wall on the furnace side of the 
expanded metal. Another feature of this exhibit was a 
cement gun which could use either steam or air pressure 
and which will handle a thin mixture of Hytempite and 
crushed firebrick. Mr. Matthew stated that this gun had 
been used with great success in the building up of fur- 
nace walls of great density. 

Jenkins Bros. were displaying a system of piping on 
which were mounted the various types of valves which it 
manufactures. The valves were all constructed with glass 
port holes so that, as they were opened and closed, the 
action of the water passing through the valve could be 
studied. The types of valves which were mounted on this 
rack were as follows: Swing check, globe, Y blowoff, gate, 
cross, angle, rapid action and a horizontal check valve. J. 
W. King called special attention to the Jenkins rapid 
action valve which is so constructed that the opening and 
closing of the valve is effected by the movement of a lever. 
The valve, however, seats slowly, thus eliminating the 
annoyance of water hammer. 

Babbitt Steam Specialty Co. exhibited in the booth of 
Jenkin Bros., its specialty being the Babbitt adjustable 
sprocket rim with chain guide. 

The Geo. T. Ladd Co. showed blueprints of the 2650- 
hp. boilers which were installed for the Ford Motor Co. at 
Detroit. These boilers are on the line 24 hr. a day and 
operate for a continuous period of from six to nine months 
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without being taken off the line. This company was rep- 
resented by J. D. Crane and W. R. Holmes. 

Chas. Lang of The D. Connelly Boiler Co. showed the 
new forged-steel sectional sinuous headers, which are now 
a standard product on Connelly straight tube boilers. These 
headers are forged from a round section and are adaptable 
to steam working pressures up to 500 Ib. per sq. in. This 
company also had on display working models of the Con- 
nelly bent tube and straight tube type of boilers. 

Manufacturers exhibiting in the booth of James T. 
Jordon Co, were the Andale Engineering Co., manufac- 
turers of duplex water and oil strainers; the Cleveland 
Worm & Gear Works, manufacturers of motor-driven 
worm-gear reduction units; Frederick Iron & Steel Co., 
manufacturer of hydraulically balanced boiler feed pumps 
and the W. H. Nicholson Co., manufacturer of the Nichol- 
son line of steam specialties. 

At the exhibit of the Jointless Fire Brick Co. were two 
side walls which had been burned in the same furnace. One 
wall was constructed of 414 in. of firebrick, laid up with a 
high temperature cement. The other wall was 4% in. 
thick and constructed of monolithic Plibrico. In the orig- 
inal furnace these walls were spaced 41% in. apart, An oil 
burner had been located at one end near the bottom of the 
furnace and the waste gas drawn off at the top. The 
burner had been in operation for a period of 18 hr., during 
which time a maximum temperature of 3050 deg. F. had 
been attained. At the end of the firing period a blast of 
cold air,had been shot through the furnace. When the fur- 
nace was cold, it had been dismantled and the two side 
walls removed to the booth of the Jointless Fire Brick Co. 
W. H. Schaffer and G. M. Galvin explained this test and 
stated that the temperatures had been obtained by means 
of an optical pyrometer sighted through the oil burner 
opening. 

Two new developments in shaking and dumping grates 
were on display at the exhibit of the Neemes Foundry, 
Inc. One of these was the Superior dumping grate which 
is manufactured to burn the cheaper and smaller grades 
of anthracite, lignite, bituminous slack and mixtures of 
bituminous coal with anthracite and consists of a series 
of dump units. The other grate was of the improved shak- 
ing and dumping type, which is for use with any coal 
which tends to form clinkers. It can be used for the 
burning of all sizes of anthracite, bituminous, and mix- 
tures of both anthracite and bituminous coal. Features of 
both of these grates are the method of locking the grate 
bars in place and an unique design of side bar which 
facilitates the adjustment of the width of the grate, when 
it is being installed in fire box boilers where rivet heads 
protude. 

Detrick arches and walls for use in pulverized-fuel fur- 
naces were explained by Frank Sheehan of the M. H. 
Detrick Co. This wall is of the hollow type and is con- 
structed so that each section is independently supported, 
thus facilitating the maintenance and repair of the furnace 
lining. Cast-iron wall bars are hung on beams which com- 
prise a part of the furnace frame-work structure. The 
refractory wall tile are held in place on a T-shaped section 
of the hanger bars. Between each section is placed a layer 
of loose asbestos packing which allows for free expansion 
and contraction. The Detrick Co. are also manufacturers 
of the Detrick flat arch. 

In addition to its system of compensated draft, the 
Hagan Corp. was demonstrating its new steam purifier and 
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new deconcentrator. The steam purifier can be mounted 
either just inside of the boiler nozzle or above the boiler 
nozzle in much the same manner as a steam separator 
would be mounted. Its principle of operation is that of 
centrifugal separation. In the demonstration of this device 
air was passed through the purifier at the rate of 6000 ft. 
per min. Water was sprayed against the steam opening to 
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the purifier at the rate of approximately 1834 lb. per min. 
and additional water was poured in from a two-quart can. 
A glass section in the pipe leading from the purifier showed 
no signs whatever of accumulating any moisture, thus in- 
dicating that all free moisture had been eliminated from 
the air. The deconcentrator is a device for continuously 
and automatically drawing a portion of the boiler water, 
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FIG. 19. JENKINS BROS. DEMONSTRATED THE FLOW 
Fic. 21. 
UNITS AND HAND-OPERATED STOKERS. 
AT 2000 LB. OF COAL PER HOUR. FIG. 23. 

EXHIBIT OF WARREN WEBSTER & CO. FIG. 24. 
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MARION MACHINE, FOUNDRY AND SUPPLY CO. EX !IBITED AIR INDICATORS FOR OIL BURNERS, SOOT BLOWER 
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filtering it and returning it to the boiler, thus main- 
taining the concentration of suspended solids in the boiler 
at a predetermined amount. 

Liptak Fire Brick Arch Co. was exhibiting the Liptak 
double-suspension arch, the Liptak single-suspension arch, 
and the Liptak interlocking firebrick wall. This company 
was featuring two designs of interlocking wall, designed 
for air-cooled furnaces. : 

Three retorts of a six-retort stoker were in operation 
at the exhibit of the Detroit Stoker Co. This stoker is of 
the underfeed forced-draft, multiple-retort type and is a 
part of one of four stokers which will be shipped after the 
show to the New Haven Works of the American Steel & 
Wire Co. In addition to this exhibit, this company showed 
the assembly of the worm-gear drive for a single retort 
stoker, the display being in charge of Chas. A. Reigle. 

W. H. Caldwell of the Marion Machine Foundry & 
Supply Co., pointed out that its Type C hand stoker is 
now fitted with hopper feed and adjustable coking plate. 
This company was also featuring its new balanced head, 
independently operated, soot blower unit, the valve of 
which can be opened and closed instantly, thus obtaining 
full opening of the valve for the entire period during which 
the blower is in operation. Condensate, which would nor- 
mally collect above the valve, can be drained out by first 
closing the shut-off valve and then opening the valve in 
the unit head. Still another feature of this exhibit was an 
air supply indicator, a device similar to a periscope, which 
is placed in one furnace wall with an electric light located 
opposite to it in the other wall. The fireman can stand at 
the front of the boiler, glance into the periscope and obtain 
a view of the gas passing through the boiler at that point. 
His operating methods are therefore comparable from time 
to time and it is not necessary for him to leave the firing- 
aisle to judge his operation from the appearance of the gas 
leaving the stack. 

Erie City Iron Works had on display a pulverizer unit 
which was rated at 2000 lb. of coal per hour. The upper 
half of the case was thrown back and the machine was 
motor-driven so that all internal working parts might be 
observed. J. Klein and W. C. Heckeroph also called atten- 
tion to the new three-drum water-tube boiler which is now 
being marketed by that company. 

Wales Dove-Hermiston Corp. was featuring a new idea 
for the lining of coal and ash bunkers. The specifications 
call for a thorough cleaning of all interior surfaces of the 
bunker, after which a coat of Bitumastic solution is ap- 
plied, then a coat of W. D. H. priming solution, which is 
followed by a coat of hot Hermastic enamel. A layer of 
tile is then applied on all inside surfaces of the shell, this 
tile being glazed on the upper side and keyed for bond on 
the lower side. In order to hold the tile in place it is laid 
in a cement mortar and, to support the tile properly, it is 
recommended that angles be riveted to the shell, spaced 
191% in. apart on vertical surfaces, and 2534 in. apart on 
sloping surfaces. 

The research laboratory of Warren Webster & Co. has 
recently made an exhaustive study of condensation flow. 
To facilitate this study a panel had been made up on which 
was placed all of the essential apparatus which is manu- 
factured by this company. This panel was fitted out with 
U tubes and the apparatus was then connected by means 
of glass tubing. It was thus possible to observe the pres- 
sures in different parts of the test apparatus and also to 
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observe the flow of condensate. wo features which were 
displayed on this panel were the Webster air lift and the 
Webster vacuum regulator. J. L. Fitts, chief mechanical 
engineer, and W. C. Schuler, assistant engineer, were 
among those present at the booth. 

Three new pieces of apparatus were shown by The 
Swartwout Co., one of these being a new low-pressure, float- 


type steam trap, with valve opening of full pipe size. An- 


other of the new developments was an air separator which 
is used for eliminating moisture from air lines and pneu- 
matic equipment. This separator is designed for sale at a 
moderate cost, so that it can be used at any point where a 
separator would be advantageous in the operation of air 
tools and the like. The third development was the new 
Swartwout return lifting and vacuum trap. These traps 
are for use in returning condensate directly to boilers, or 
for handling condensation at low pressure and discharging 
it to return traps, tanks or heaters. They may also be 
used for extracting liquids from apparatus operating under 
vacuum and discharging to pumps, tanks or elsewhere 
without loss of vacuum. 

At the booth of the Warren Steam Pump Co., J..G. 
Rearick and W. W. Shuttleworth were laying particular 
stress upon the new line of centrifugal pumps which had 
been developed by this company. These pumps are being 
built for both boiler feed and general service. They are 
of the multi-stage, hydraulically balanced, volute type, de- 
signed for pressures up to 550 lb. and are manufactured 


in 2, 3, 4, 5 and 6-in. sizes and with 2, 4 and 6 stages, the 


stages being paired in groups and opposed in order to 
eliminate end thrust. In addition to these multi-stage 
pumps, this company was showing its high-pressure single- 
stage centrifugal pumps and its regular line of direct 
action pumps. 

Wright-Austin Co. was exhibiting its regular line of 
steam, oil and air separators, exhaust heads, high and low- 
pressure steam traps, air traps, strainers and water col- 
umns. In addition it was featuring two new ‘products, one 
known as the Brownie boiler water signal, which is a low- 
water alarm for small boilers working under pressures 
from 3 to 150 lb., and the other the Wright-Austin Monel 
metal whistle valve, in which the entire valve is outside of 
the water column. The valve and seat are easy to get at 
and are double-ended and reversible, thereby increasing 
their life. 

Two complete sections of the new forged-steel, sec- 
tional-header boiler were on display at The Walsh & Weid- 
ner Boiler Co.’s booth. These headers are seamless, with 
the exception of the ends which are welded in. Connected 
across the lower end of the rear header is a square, 
wrought steel mud drum connected to each section by 
means of nipples. This mud drum is equipped with hand 
holes and blowoff connections. The sections exhibited 
were also fitted with vertical inclined type of baffles. 


The Moto Meter Co., Inc., had on exhibition a com- 
plete line of industrial thermometers, which are of the 
indicating type and filled with alcohol, giving them a 
working range of from minus 40 to plus 750 deg. F. Sev- 
eral interesting features of these thermometers are: First, 
that the indicator hand is attached directly to the Bourdon 
spring, thus eliminating all levers; secondly, the type of 
flexible capillary tubing used allows an adjustment of the 
instrument such that it may be used either in the vertical 
position or as an angle type thermometer; third, the bulb 








ee ETN RI. ABER. TAR 





° a EE ee 





TO ES TR URE RN: 





ena 














Pe 





SE i 





soo re LE 








POWER PLANT 


January 1, 1925 


for these thermometers is comparatively short, which is an 
advantage when it is desired to obtain the temperature in 
pipes of small diameters. 

Apex Pneumatic CO, meter is a new product of the 
Uehling Instrument Co. The operation of this indicator, 
as explained by F. F. Uehling and C. C. Phelps, is as fol- 
lows; the gas sample enters a porous thimble, after which 
it is separated into two streams. The gas which is ana- 
lyzed passes through a restricted opening, then down to the 
bottom of an absorption chamber. The flow of gas is con- 
tinuous and, as the percentage of CO, in the gas changes, 
the pneumatic pressure in the absorption chamber also 
changes. This absorption causes a shrinkage of the flow- 
ing gas, therefore reduces the pneumatic pressure in pro- 
portion to the CO, content of the gas, which can be shown 
directly on the indicator in percent of CO,. 

At the booth of the Mason Regulator Co. was shown a 
new line of low-pressure, spring-operated valves, con- 
structed so that the spring may be readily removed. At 
this booth there was also shown the new lever type of re- 
ducing valve for heating systems, a new line of all bronze 
water-pressure regulators for domestic service and the 
regular Mason line of pressure regulators, feed pump 
governors, balanced valves, pressure-reducing valves and 
damper regulators. 

Armstrong Machine Works placed on exhibit the Arm- 


strong steam traps, which are now made with steel body 


for service with high steam pressure and superheat. An 
interesting feature of this exhibit was a demonstration of 
the Armstrong steam trap working under actual steam and 
water conditions. 

At the Crane Packing Co.’s booth was exhibited a 
model condenser packed with Crane metallic packing with 
water circulated through the shell under various pressures 
from 15 to 100 lb. Ferrules were not used to follow up 
the packing. To show the effect of temperature on this 
packing the water which was passed through the condenser 
shell was alternately hot and cold. In addition to this 
demonstration there was also a display of the various types 
of Crane rod packing. 

Alex Girtanner of the Girtanner Engineering Corp. 
was showing the drawings of a new ganister-grinder, with 
capacity of approximately 1000 lb. of firebrick. per hour. 
Its construction and operation is similar to that of the 
tumblers which are used in foundry practice for cleaning 
castings. Drawings were also to be seen of various arrange- 
ments of steam-jet soot conveyors. Assembled at this 
booth were all of the essential parts for a complete steam- 
jet ash conveyor, including an air intake, an ash intake, 
a 90-deg. steam unit with nozzle, a wear section with 
liners and a support section complete with supporting 
jacks, 

At the exhibit of the Morse Chain Co. the mechanism 
had been removed from an old-fashioned clock and re- 
placed with a Morse chain rocker joint, the upper section 
of which was attached to a pendulum. This pendulum was 
in motion and was used to demonstrate the practically 
frictionless movement of a chain rocker joint. There was 
also exhibited at this booth a chain drive so arranged that 
the movements of the rocker joints could readily be seen. 
This company exhibited a new sprocket gear constructed 
with an adjustable hub, the advantage of this being that 
the hub is adjustable within certain limits and also that 
sprockets may be changed with little labor. 
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Henry Vogt Machine Co., Inc., displayed a rough solid 
drop forging for a 6-in. gate valve, the weight of which 
was 555 lb. This company was also displaying a complete 
line of drop-forged fittings and valves, the globe valves 
ranging in size from 14 to 2% in., the gate valves from 
4 to 6 in. and screwed fittings from 14 to 4 in. The 
company is prepared to furnish hydraulic fittings for pres- 
sures up to 10,000 lb. per sq. in. and hydraulic valves for 
pressures up to 6000 lb. per sq. in. 

E. C. Elliott and R. E. Roche described the new design 
of non-condensing Curtis-type turbine which is now being 
manufactured by the Elliott.Co. This turbine is adaptable 
to either electrical or mechanical drives and is equipped 
with an independent butterfly type of emergency valve. 
The case is horizontally split and the buckets are of drop- 
forged, heat-treated nickel steel. This turbine can be ob- 
tained in capacities from 10 to 500 hp. Another new 
product of this company which was exhibited was a high- 
speed, turbine-driven, boiler-feed pump. The pump on 
exhibit operated at 9000 r.p.m. and was rated at 500 g.p.m., 
at a pressure of 350 lb. There was also shown the com- 
plete line of Lagonda tube cleaners and Elliott deaerators, 
an Elliott portable test outfit for determining the oxygen 


- in water, an Elliott-Ehrhart centrifugal pump and an 


Elliott-Ehrhart, two-stage twin-combination type air ejec- 
tor of the 15,000-kw. size. 

Many photographs and views of material-handling 
problems were exhibited by Gifford-Wood Co.; also a com- 
plete working model of a material-handling plant. 

Attention was called by J. B. Purdie of the Builders 
Iron Foundry to the new indicator which can be installed 
in conjunction with its standard Type M Venturi meters. 
This indicator is operated by means of a diaphragm, from 
the standard Venturi tube. A modification of this indica- 
tor is the Venturi indicator-recorder which can be used for 
any liquid or gas and also operates by means of a dia- 
phragm and without the use of mercury. Both of these 
instruments and a standard Type M Venturi meter were 
in operation. This company is prepared to furnish Ven- 
turi meter tubes for anhydrous liquid ammonia, also for 
steam pressures of 800 lb. and above. 

Fittings and valves made of electric steel, for use for 
pressures up to 900 lb., were exhibited by the Walworth 
Mfg. Co. As explained by J. M. Olmsted and R. H. 
Hamilton, this company has successfully used the X-ray 
to examine steel castings and so to develop its foundry 
practice that its products are of known characteristics. 
Also exhibited was a complete line of pipe tools and brass 
valves and fittings for power plant work. 


Flexible Steel Lacing Co. showed the alligator steel 
belt lacings and Flexco-Lok lamp-guards. It was dem- 
onstrating a motor-driven layout, consisting of five pulleys 
and three individual shafts by means of which the con- 
tinuous belt, laced with alligator steel belt lacing, made 
two, three-fourths turns, without the means of either gears 
or a mule pulley. 

New developments by The S-C Regulator Mfg. Co. were 
feed water regulators designed for steam pressures up to © 
650 Ib., drainage controls designed for pressures up to $50 
lb. and temperatures of 750 deg. F. J. M. Barrett, general 
manager, also explained that this company is now prepared 
to furnish drainage control apparatus which will operate 
between zero and 50 lb. pressure. In addition to these 
products there was exhibited a pump governor, designed 
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for use on high-pressure, turbine-driven, boiler-feed pumps, 
which is direct acting and requires no levers or springs 
for its operation. Another new development in the S-C 
line is a constant excess pressure regulating valve which 
is used in the discharge line from electrically-driven, boiler- 
feed pumps. 

At the booth of the Aero Pulverizer Co. was exhibited 
_ a unit pulverizer, the rating of which was 4000 lb. per hr. 
The wearing parts of this machine are made of manganese 
steel and the bearings are equipped with S. K. F. self- 
lining roller bearings. 
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which is also recorded flue gas temperature.. This company 
was also exhibiting recording thermometers, pressure gages 
and flue gas pyrometers. 

Norton Co. had on exhibition the line of Norton refrac- 
tories for heavy duty. These included alundum and crys- 
tolon products, bricks, cements, blocks and shapes. 

Fairbanks-Morse & Co. was demonstrating a new ball- 
bearing, single-stage centrifugal pump, which was direct 
connected to a 714-hp. ball-bearing induction motor. This 
pump was of the double-suction, horizontally-split casing 
type and was rated at 95 g.p.m. when operating at 3600 
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FIG. 25. 
BOILER CO.’S EXHIBIT. FIG. 26. 


FORGED STEEL SECTIONAL HEADERS FOR WATER TJBE BOILERS WERE FEATURED AT THE WALSH & WEIDNER 
ROUGH DROP FORGINGS F)R THE HENRY VOGT MACHINE CO. 6-IN. GATE VALVES WEIGH 


OVER 550 LB. EACH. FIG. 27. ONE FEATURE OF THE ELLI)TT CO.’S EXHIBIT WAS THAT OF A NEW NON-CONDENSING 


CURTIS TYPE STEAM TURBINE. FIG. 28. 


BUILDERS IRON FOUNDRY ARE NOW MAKING AN INDICATOR FLOW METER WHICH 


OPERATES BY MEANS OF A DIAPHRAGM AND WITHOUT THE USE OF MERCURY. 


G. W. Keller, sales manager for The Brown Instru- 
ment Co., outlined the operation of the Brown electrical 
CO, meter. This instrument operates on the principle of 
the Wheatstone bridge of balanced circuits. A sample of 
gas is drawn through the instrument by means of a water 
aspirator. The gas is first cooled, then is passed through 
a cloth filter, thence through a steel wool filter to remove 
sulphur and finally to a sealed cell through which a definite 
current is flowing from a storage battery. Another cell of 
the same type is filled with air and sealed for a comparison 
standard. The conductivity of the flue gas is greater than 
that of air and varies with the percent of CO., therefore, 
the heat conducted away from the one cell will be greater 
than that from the other. This difference is used to record 
directly in percentage of CO, on a duplex roll chart, on 


r.p.m. against a pressure of 75 lb. The horsepower re- 
quired under these conditions was approximately 6. As 
pointed out by J. H. Gade, this company was also showing 
its squirrel cage motor, which is constructed with cast end 
rings and is equipped with ball bearings. This company also 
exhibited a duplex piston pump which was gear-driven 
from an electric motor and also a 3-in, single-stage, double- 
suction pump which was open for inspection. 

The Blackburn-Smith Corp. was demonstrating a posi- 
tive automatic primer for centrifugal pumps, consisting of 
two tanks, placed one above the other. They were propor- 
tioned according to the size of the suction line and had 
sufficient capacity to store the air in the suction line when 
expanded to the vacuum of operation. When the pump is 
started, -it lowers the liquid level in the lower tank. As 
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the pump continues to remove the liquid from the lower 
tank, it is replaced by an equal quantity from the suction 
line. When the pump is stopped, an air valve in the upper 
tank opens and allows the liquid to return by gravity 
through the pump to the lower tank, thus forcing the air 
back through the suction line and priming the system. 
This company also had on display the Blackburn-Smith 
strainer and its feed water filter and grease extractor. 

Irving Iron Works Co. exhibited the Irving subway 
open steel flooring and Irving safsteps. These were com- 
pletely assembled with hand rail so that visitors at the 
booth might readily understand the full details of con- 
struction and assembly. 

H. W. Pfeffer, manager of the power appliance de- 
partment of the American Blower Co., was demonstrating 
the new American high-speed, high-efficiency, forced draft 
fan, which was direct connected to an electric motor. This 
new fan is constructed with stream line inlet and the new 
high efficiency wheel which is of the duplex type. It is 
regularly equipped with an expanding discharge. 

Queen’s Run Refractories Co. was represented by J. F. 
Marshall. This company displayed a great number of its 
standard and a few special shapes of fire brick, in order to 
indicate the class of workmanship and material of its 
products; a number of letters were shown, one of which 
was addressed to the company in 1849. 

The M. A. Hofft Co. had on display a 150-hp. National 
stoker, which was of the hand-operated type. Above the 
stoker was mounted a National suspended arch, which has 
the advantage, as explained by M. A. Hofft, that any tile 
in the flat arch may be removed and a new tile put in its 
place while the furnace is in operation. The nose tile are 
suspended from separate hooks which are so constructed 
that the hook and not the tile takes the weight of the cur- 
tain wall, which is usually constructed above the nose 
tile. 

Several interesting developments were shown by The 
Wm. Powell Co. One of these was a 400-lb. steam pres- 
sure, cast-steel, monel-trimmed gate valve, which was 
equipped with a special type of heat-dissipating hand 
wheel. Another interesting development was a complete 
line of both inside and outside screw and yoke valves, con- 
structed entirely of monel metal. Other displays were 
forged steel valves with monel trim, triple-acting auto- 
matic non-return valves, the White Star dashpot-check 
valve and the general line of White Star brass, iron and 
steel valves. 

Mercurial barometers of an unusually rugged construc- 
tion and yet of great accuracy were displayed by the Taylor 
Instrument Companies. J. W. Schwarz also called atten- 
tion to a new mercury column vacuum gage of the baromet- 
ric type which is equipped with a vernier gage such that 
it can be read to one-one thousandth of an inch. The 
temperature correction for this vacuum gage is the same 
as for the mercurial barometer. There was also displayed 
the regular line of industrial thermometers, pyrometers, 
pressure regulators and engraved stem thermometers. A 
new barometer, recently developed by this company, records 
on a 6-in. chart a barometric range of but 21%4 in. This 
instrument is used where great accuracy is required. 

Joseph Dixon Crucible Co. exhibited Dixon’s graphites, 
lubricating graphite greases, silica-graphite paint, solid 
and paste belt dressings, self-lubricating graphite, motor 
brushes and pipe joint compounds. 


ENGINEERING 111 


The exhibit of the Vacuum Oil Co. can best be de- 
scribed as purely educational. One feature which was 
explained to visitors was that of the lubrication audit sys- 
tem whereby an engineer of this company will visit a plant 
and thoroughly study conditions of lubrication. His report 
is carefully surveyed by the oil company and a complete 
report is then made which outlines recommended changes 
in practice. If this report is accepted, the Vacuum Oil 
Co. co-operates in its practical application. 

The Garlock Packing Co. exhibited all types of me- 
chanical packings made from asbestos, rubber, fibre and 
metal. J. B. Morton explained that this company controls 
the manufacture of its products from raw material to 
finished product. 

Durabla arch-design pump valves were demonstrated 
by H. M. Wilson, of the Durabla Mfg. Co. These valves 
are made entirely of metal and are so shaped that they 
combine great strength with extreme lightness. This com- 
pany was also displaying its regular line of gaskets, valve 
discs, semi-metallic piston packing and American high 
pressure gage glasses. 

Leo Jno. Bayer, of The Bayer Co., called attention to 
several features of its soot blower equipment. One of these 
was the geared balanced valve in head soot blower, which is 
so arranged that the worm which drives the blower ele- 
ment does not move until the steam valve is wide open. 
Another feature was the geared head which is so designed 
that the blower element travels slowly, thus eliminating 
the error of operators not cleaning the tubes thoroughly 
by revolving the element too fast. A third feature of the 
Bayer equipment was the air-cooled soot blower element 
which is so constructed that an outer element or tube is 
exposed to the direct heat of the furnace, the steam carry- 
ing element thus being protected by a live air space be- 
tween the two elements. 

Heat insulating materials of various types and for dif- 
ferent conditions of service were on display by The Philip 
Carey Co. W. L. Steffens demonstrated that there was a 
vast difference in the heat insulating qualities of asbestos 
coverings, by means of a 6-ft. tester which was electrically 
heated to about 700 deg. F. Several grades of covering 
were mounted on this tester. A Leeds & Northrup poten- 
tiometer indicated the temperature at various points near 
the outside surfaces of these coverings. 

Bassick Mfg. Co. demonstrated its Alemite high-pres- 
sure lubricating system by means of which solidified oil 
may be forced into a bearing under a pressure as high as 
3000 lb. per sq. in. Charles Strom also drew attention to 
its line of portable high-pressure compressors or grease 
guns and fittings. This company has now acquired contro] 
of the Zerk line of compressors and fittings. 

One of the characteristics which is most desired in a 
forced blast fan is a drooping horsepower curve. That is, 
the power required should reach a maximum at rating of 
the fan, but should drop off both below and above this 
point, thus assuring protection against overloading the 
motor drive. This is a characteristic of the turbo stoker 
fan which was exhibited by the Buffalo Forge Co. This 
company was exhibiting an electric blower which is ap- 
plicable to industrial burners and also showing both draw- 
ings and photographs of the construction and installation 
of the new Buffalo tubular air-preheater. The preheater 
consists of straight steel tubes, usually placed vertically, 
through which the waste gas from the boiler or economizer 
must pass, the air to be preheated surrounding the tubes. 
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The Buffalo Steam Pump Co. had on exhibition a duplex, 
direct-acting steam pump and a three-stage, split-shell, 
double-suction, hydraulically-halanced, boiler-feed pump, 
which is ordinarily built for pressures up to 900 ft. It also 
exhibited a single-stage, double-suction, split-shell centrif- 
ugal pump of the type which it furnishes for general 
service. In this booth was also to be seen a Carrier gener- 
ator cooler which is adaptable to either open or closed 
circuit work. A new product of the Buffalo Forge Co. is 
the Breezo-fin heaters, a complete heating unit including a 
compact type of radiator made of copper tubes wound with 
copper ribbon, and a Buffalo Breezo fan. The purpose of 
placing this heater on the market is to furnish a piece of 
apparatus which will be efficient, economical, light in 
weight and simple of construction. 

F. H. Dunbar, of The Baker Dunbar Co., was in charge 
of its booth, in which was exhibited the construction of 
its new ventilated ash hopper and drained ash gates. The 
ash hopper is constructed of cast-iron side plates, on the 
inside of which is placed a layer of hollow tile which may 
be arranged so that air, under either natural or forced 
draft, may be circulated through them. The tile surface 
on the inside of the hopper is protected by a facing of 
fire brick. This company was also showing its standard 
lock-tile type of ash hopper and the construction of its.ash 
sluice-way which can be furnished in either the intermit- 
tent or continuous sluicing types. The wearing plates of 
this sluice-way, which are readily renewable, are made of 
chilled white iron in order that they may give long service. 

The Carborundum Co. exhibited carborundum refrac- 
tories and abrasives. Several sections of a furnace wall 
were exhibited, one made of fire brick and the other of 
Carbofrax refractory. Both of these walls had been in 
service and clearly indicated the effect of extreme tempera- 
ture upon the two materials. There was also on exhibit a 
Carbo-Radiant furnace which heats by radiation, thus sup- 
planting furnaces of the muffle type. 

Display of A. W. Cash Co. was in charge of C. W. 
Court, who explained that this company were showing for 
the first time the complete Craig system of automatic 
combustion control. The new feature of this system is the 
type S Master controller which is essentially a steam pres- 
sure regulator and can be used in conjunction with a Craig 
draft regulator. This company is also showing a fan en- 
gine regulator which is operated directly by the steam 
pressure. This is a simple device and will readily serve 
the plant which does not wish to install one of the more 
elaborate or complete control systems. 

Springfield Boiler Co., represented by L. R. Merritt and 
Co., displayed a standard header with hand hole plates 
and also sections of both its horizontal and vertical baffles 
which consist of a cast-iron frame filled in with a refrac- 
tory material. An interesting part of the display was that 
of a gas-fired model of one of the boilers recently installed 
at the Hell Gate Station of the United Electric Light and 
Power Co. This model was constructed with a glass side, 
glass tubes and glass drum heads. 

Graver Corp. exhibited a complete chemical feeder such 
as is used on its standard line of continuous-type water 
softeners ; also a small softener of the zeolite type which is 
made in sizes adaptable to domestic use. 

Display of the M. T. Davidson Co. consisted of a work- 
ng model of a reciprocating steam pump, the section of a 
steam chest to demonstrate valve action, a double and a 
single suction centrifugal pump, an electrically driven 
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sump pump and a single-cylinder, double-acting, boiler- 
feed pump which was open for inspection in order to show 
the improved open type of water cylinder. 

Connery and Co., Inc. was featuring the construction 
of its improved expansion stiffener, also its air preheater. 
The stiffener construction was interestingly shown by an 
exhibit of an actual section of the breeching which is to be 
delivered to the Kearney station of the Public Service 
Electric Co. of ‘New Jersey. This breeching was equipped 
with a damper, the axis of which was in a vertical position. 
It was reinforced by means of the expansion stiffener con- 
struction and was open at both ends so that air for cooling 
could be circulated through it. The exhibit of the Connery 
air preheater was a model which showed in detail the 
method of reinforcing the internal element and the method 
of cleaning by means of compressed air. ‘These elements 
are electrically welded and are so constructed, in individual 
units, as to permit the removal of elements without inter- 
ruption to boiler service and without the necessity of by- 
passing. 

At the Bridgeport Brass Co. booth were displayed a 
great many samples of the brass and copper products 
which this company markets. Also was exemplified the 
application of its products to the power plant by means 
of a miniature electric railroad and central station. 

Lewis M. Ellison was displaying a number of innova- 
tions on both his inclined and vertical-tube draft gages. 
Among these were zero adjustment, obtained by moving the 
scale by means of a thumb nut which can be locked in 
position when the proper adjustment has been obtained. 
Another feature was the new scale, with the background of 
a non-glare, dead-white enamel, and large black letters, 
which greatly increased the visibility of these instruments. 
Another feature that can now be furnished is multi-tube 
inclined draft gages with parallel scales, which are always 
the same length but may be arranged to read within the 
one instrument over various ranges from zero to one inch, 
up to zero to 714 in. The inclined-tube instruments are 
made with from one to four tubes within the one case and 
the vertical gages can be had in from one to eight tubes 
within the one case. These instruments were all on display 
as were also the Ellison throttling evaporating calorimeter, 
a new device for determining the rate of coal feed to a 
furnace and also the Ellison-Leach gas analyzer, the feature 
of which is that it is extremely simple to operate and is 
made of monel metal and pyrex glass so that it will not 
discolor. 

C. J. Tagliabue Mfg. Co. exhibited its complete line of 
temperature, liquid level, time and pressure controllers, 
vacuum gages and thermometers. A new development by 
this company is the new Mono CO, recorder, which is 
electrically in place of being water operated and is so con- 
structed that all glass and rubber tubing have been elimi- 
nated. This new instrument is equipped with a 24-hr. 
circular chart, thus differing from the older type of Mono 
CO, recorder, which used a 60-day roll chart. Other fea- 
tures of this new instrument are its compactness and 
ruggedness. 

At the booth of Manning, Maxwell and Moore, Inc. 
were exhibited Hancock valves, Ashcroft gages, Metropoli- 
tan injectors, Consolidated safety valves, Hancock aspira- 
tors and the Reeves variable speed transmission. The 
Reeves drive was demonstrated both in the V-belt type 
with automatic feature for use with boiler house regulating 
devices and in the unit drive type which combines the 
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motor mounted on a base above with the Reeves transmis- 
sion. This company was exhibiting, in the Payne-Dean 
booth, a master steam gage which was 42 in. in diameter, 
double faced, illuminated and covered a steam range from 
300 to 400 lb. 

Forge and hammer welded tongue and groove ends 
with swivel flanges were featured by the M. W. Kellogg 
Co. This company had on exhibit its flue type forged and 
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hammer-welded nozzle, the feature of this being that the 
opening in the pipe is first drawn out and the neck of the 
nozzle is forge welded directly to the pipe. Also featured 
were forge-welded flange joints of the tongue and groove 
type, in which the pipe was welded directly to the flange. 
This construction is modified somewhat on larger work 
wherein the flange is made with a short neck which is flared 
and welded to the pipe so that the weld is in the pipe at a 
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FIG, 29. FEED WATER REGULATORS FOR HIGH STEAM PRESSURES WERE FEATURED BY THE S-C REGULATOR MFG. co. Fia. 30. 
OF PARTICULAR INTEREST AT THE BROWN INSTRUMENT CO.'S EXHIBIT WAS AN ELECTRICALLY OPERATED CO, METER. 


Fig. 31. 


co. FIG. 32. FIVE TYPES OF SOOT BLOWER HEADS WERE SHOWN BY THE BAYER CO. 


MECHANICAL PACKINGS OF ASBESTOS, RUBBER, FIBRE AND METAL WERE DISPLAYED BY THE GARLOCK PACKING 


FIG. 33. HOLLOW SEAMLESS BALLS 


ARE THE SPECIAIAY OF THE HOLLOW BALL CO. FIG. 34. NEEMES FOUNDRY, INC., SPECIALIZES IN HAND FIRED GRATES 
, FOR ALL COALS. 
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short distance from the flange. A feature of the tongue 
and groove joint with swivel flanges is that the bearing of 
the swivel flange against the flange on the pipe comes 
directly opposite the tongue and groove. Other interesting 
exhibits shown were sections of the interheat piping system 
for the new Crawford Ave. Station and a copper electro- 
plated, forge-welded pipe which is to be used for the insert 
piece of a pen-stock expansion joint. The Kellogg Co. was 
also displaying samples of its radial brick which are used 
in chimney construction. 

Bernitz Furnace Appliance Co. exhibited the Bernitz 
clinker proof and super blocks as adapted to boiler furnaces 
for the prevention of clinker adhesion. 

In the A. P. Green Fire Brick Co. booth were various 
shapes and grades of fire brick and fire brick mortar, the 
fire brick made by this company being recognized under 
the trade names of Empire, Crown and Standard. 

Howard Iron Works and the Alberger Heater Co. dis- 
played an open section of the Alberger storage heater, a 
feature of which is that any tube may be. repaired or re- 
placed without removal of the heater element. These 
companies also displayed the Alberger instantaneous heat- 
ers, the Howard double-guided expansion joint which is of 
Vanstone construction with central anchor chamber and 
service outlet and the Howard guided single expansion 
joint which is designed to maintain its proper alinement 
and to conserve space. 

Nonpareil high pressure pipe covering was displayed 
by C. A. Senter of the Armstrong Cork and Insulation 
Co., which also manufactures a complete line of cork board 
insulation and insulating brick. 

N. V. Hansell, vice-president of Arca Regulators, Inc., 
explained that his company manufactured a complete line 
of regulators for pressure, vacuum, temperature, humidity, 
electric current, speed, liquid level and density and vis- 
cosity of liquids. He demonstrated the Arca combustion 
control for boilers, which is constructed without balances 
or needle valves and which regulates by closely following 
the variation of the boiler load. 

Chas. Cory and Son, Inc., exhibited the Cory visible 
signal by means of which instructions and orders can be 
transmitted to the operators in turbine and engine rooms. 
This company has also developed a station load indicator 
which is made in 12, 24 and 40 in. diameter sizes and 
shows two indications, one being automatic, to show the 
station load, the other manually operated by the load 
dispatcher to show the demand which it is expected will 
be placed upon the station. Other features of this exhibit 
were the Cory-Recony standardized unit system for the 
electrical operation of steam and water valves. As pointed 
out by L. E. Oneal, this company has also developed a 
locking system which is used as a protective device on high 
voltage switch cells and switch gear. 

“X” Laboratories are the manufacturers of X Boiler 
Liquid which is used for repairing leaks in boilers and hot 
water systems. X liquid was carried by the world fliers in 
their trip around the world. 

Midwest Piping and Supply Co. fabricates piping suit- 
able for all pressures and for general service work. A 
feature of its exhibit was the announcement of the Mid- 
west gesketless flanged joint which is used for high pres- 
sures and temperatures. The feature of this joint is that 
the flanges swivel on the pipe, the spherical faces of the 
contact surfaces permitting the flanges to adjust them- 
selves to a slight deflection in the line. 
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Crosby Steam Gage and Valve Co. was represented by 
Geo. F. Felker, Pres., and L. W. Lenderoph, who explained 
that the company has recently completed a great number 
of tests in which various types of seals and discs made of 
various metals were clamped five one-thousandths of an 
inch apart and steam blown between them under a pres- 
sure of 325 lb. for periods of six weeks at a time. This 
investigation has resulted in a great amount of informa- 
tion which was adaptable to the design of Crosby valves. 
This exhibit consisted of a display of the new Crosby line 
of Nickloy globe valves and also its regular line of bronze, 
monel and steel globe valves, blowoff valves and safety and 
relief valves. Of great interest to visitors at this booth was 
the fluid pressure scale which affords an accurate means of 
obtaining pressures and testing gages up to 25,000 Ib. 
per sq. in. 

F. L. Smidth and Co. displayed photographs of the 
Lenix short center belt drive and-also a practical demon- 
stration which indicated the belt slip of a Lenix drive as 
compared with the slip of an open belt drive. 

Single roll coal crushers and Pennsylvania Bradford 
breakers were the products exhibited’ by the Pennsylvania 
Crusher Co. The outstanding feature of this exhibit was 
a working model of a Bradford breaker. This machine 
can be obtained in capacities up to 400 T. per hr. The 
construction and installation of the Bradford breaker was 
shown by numerous photographs. One great advantage of 
this type of coal preparation is that slate, rock and tramp 
iron are gathered by the machine and are readily dis- 
charged without damage or interruption of service. 

The Budd Grate Co.’s exhibit was in charge of Horace 
Budd. This exhibit consisted of a hand-fired stoker which 
was operated by one lever. Mr. Budd explained that this 
stoker can be equipped with the Budd ventilated arch 
through which hot air can be admitted over the fire. This 
air is heated under the bed plate and passes up through 
the side liners and is discharged through vents in the arch 
plate." The Budd dump plate for use with both anthracite 
and bituminous coal, also a detachable circular plate for 
installation in vertical boilers were exhibited. 

One outstanding feature of the Climax Engineering 
Co.’s exhibit was the model C rotary refrigerating unit. 
The machine demonstrated was a 1-t. rotary compressor 
which was direct driven by a 2-hp. motor. These rotary 
compressors can also be equipped for gasolene engine drive. 
Other exhibits by this company were a four-cylinder 65-hp. 
portable gasolene engine, a 6-cylinder, 100-hp. stationary 
unit gasolene engine and a 2-t. refrigerating unit which 
consisted of a two-cylinder compressor belt driven by an 
electric motor. 

D. H. Skeen and Co. exhibited the Mercon regulator 
which uses a mercury column in place of a customary 
spring or weight. This regulator is of the differential type 
and may be adapted to either steam or motor-driven boiler 
feed pumps. It can also be obtained for use as a constant- 
flow regulator for individual boiler control, as a constant 
pressure reducing valve or for use as a back-pressure regu- 
lator. 

Coal weighing scales were featured by the Richardson 
Scale Co. Numerous panels displayed photographs of 
many applications of automatic weigh larries and individ- 
ual scales. This company also displayed a full-size apron 
feed automatic coal scale of 200 lb. capacity; also showed 
a model of an apron feed automatic coal scale which was in 
operation and which weighed coal to several miniature 
boilers. 
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Vanstone joints of genuine wrought-iron pipe were dis- 
played by the Ballwood Co. These joints are made by first 
upsetting the pipe and then spinning out the flange to the 
required diameter. This company was also exhibiting the 
Ballwood lap joint which is made for low-pressure work 
such as exhaust lines. The flange is an integral part of 
the pipe. This company is also prepared to furnish re- 
ducers which are made from stock material. Its exhibit of 
this work consisted of a length of 8-in., extra-heavy steel 
pipe which had been swaged down to a 6-in. opening at 
one end and rolled out to a 10-in. opening at the opposite 
end. Both ends had then been Vanstoned and equipped 
with standard forged steel flanges. 

Temperature regulators for automatically and accu- 
rately regulating the temperature of liquids and air were 
exhibited by The Fulton Co. A new product of this com- 
pany is the Sylphon interlocking valve which is designed 
for fuel oil systems. This is a safety appliance designed to 
protect oil fired boilers or furnaces by automatically shut- 
ting off the oil supply when the atomizing pressure fails 
or is reduced below the required minimum. The adjust- 
ment of this valve for different pressures is obtained by 
means of spring tension against the Sylphon bellows. 

Edge Moor Iron Co. exhibited the section of a header 
of the standard Edge Moor boiler. Sid Bradford explained 
the Edge Moor calking pad which is used where small pipe 
connections up to 21% in. are to be made in the boiler. It 
takes the place of a riveted flange for small connections. 
In addition to these features there were also exhibited a 
number of photographs showing the construction and in- 
stallation of the standard Edge Moor boiler. 

‘Key Boiler Equipment Co. exhibited its line of boiler 
tools including expanders and tube rollers. Also it showed 
its regular Key cap for hand holes and the Key special 
hand-hole plate, a feature of which is that it enters its own 
hole and is made tight without screw threads or gaskets. 

Klingerit, Inc. displayed the Klingerit asbestos sheet 
packing which is used for high-pressure saturated or super- 
heated steam of extreme temperatures. This company has 
also marketed a water gage glass which is made of fused 
quartz and which will withstand pressures of 1200 lb. and 
temperatures of 1200 deg. This glass can be obtained com- 
plete with the water gage, which is also designed for the 
above steam conditions. Kiinger’s patent stuffing-box 
packing is so constructed that the side of the packing which 
is in direct contact with the piston rod is lined with a 
metal band which is slotted so that when pressure is 
brought to bear on the stuffing-box gland some of the pack- 
ing material will be forced against the piston rod. Klin- 
gerit piston valves for high pressure and all classes of 
service were also shown. 

Rust proof belt lacing hooks were being shown by the 
Clipper Belt Lacer Co., which also had on display many 
samples of belts of various kinds laced with Clipper belt 
hooks. 

Speed reduction of 1500 to 1 r.p.m. was shown at the 
booth of Foote Bros. Gear & Machine Co. This was dem- 
onstrated by an electric motor which operated at 1725 
r.p.m., the motor being direct connected to a spur-gear 
speed reducer which brought the speed down to 69 r.p.m. 
The spur-gear reducer was in turn direct connected to a 
worm-gear reducer, the drive shaft of which operated at 
1.15 r.p.m. Flexible couplings of the following types were 
also exhibited at this display: the Foote pin-type coupling, 
the Foote semi-universal coupling, Francke flexible cou- 
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pling, the Grundy flexible coupling and the Ajax flexible 
coupling. 

Hollow Seamless Balls are the specialty of the Hollow 
Ball Co. This company is prepared to furnish hollow balls 
from 14 up to 3 in. in diameter and made of either steel, 
aluminum, copper, brass or monel metal. 

The Garratt-Callahan Co, exhibited Magic boiler pre- 
servative and a great variety of samples of scale such as 
are ordinarily found in boiler practice. Bob Jones and 
A. G. Lockwood were at this booth. 

Crane Co. displayed a great variety of its products 
which are applicable for use in the power plant. The ex- 
hibit contained an interesting pipe bend, a steam separator 
and valves and fittings for all classes of service. 

Double service blowoff valves were being shown for the 
first time by the Perolin Co. of America. Fred D. Harger, 
mechanical engineer, demonstrated the valve and showed 
that it cannot be wrongly installed because the inlet side 
and outlet side are identical. This valve cannot be dam- 
aged by turning the hand wheel too far and each opening 
and closing serves automatically to regrind and adjust the 
disc to its seat. At this booth was also exhibited Formet, 
the water system treatment and Perolin, the boiler metal 
treatment. 

Photographs of the exhibits which are reproduced 
in this article were furnished through the courtesy of the 
various companies and the Knickerbocker Photo Service, 
the official photographers for the show. 


‘ Large Radiator Type Transformer 
Is Shipped Filled with Oil 


Ir HAS RECENTLY become a common practice to ship 
transformers completely assembled and filled with oil, 
ready for service. The accompanying view shows a 10,000 
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kv.a. Pittsburgh self-cooled, radiator type transformer 
placed on a flat car ready for shipment. Transformers up 
to 15,000 kv.a. may be handled in this way on standard 
flat cars and with cars of the drop type, it is possible to 
handle 20,000 kv.a. units. 
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Changes in Pneumatic Pres- 
sure to Indicate CO. 


NEW boiler-room instrument, known as the “Apex” 

pneumatic CO, indicator has been developed to meet 
the demand from the smaller steam power and heating 
plants for a simple and inexpensive instrument for meas- 
uring the fuel wasted up the chimney. 








ACTUATING DEVICE AND INDICATOR OF NEW CO, 
INSTRUMENT 


This CO, indicator consists of two principal parts, 
namely the actuating device, known as the CO, meter, and 
the gage proper, known as the “Type Z” indicator. The 
flue gas flows through the CO, meter continuously, devel- 
oping a changing pneumatic pressure within it, the mag- 
nitude of the pneumatic changes depending upon the per- 
centage of CO, present in the gas. The CO, is absorbed in 
a dry cartridge placed in the CO, meter. The absorption 
of CO, causes a shrinkage of the gas flowing through the 
CO, meter and hence a reduction in the pneumatic pres- 
sure. Any given percentage of CO, in the gas will pro- 
duce a definite pre-determined pneumatic pressure, which 
is employed for operating the Type Z indicator. The indi- 
cator consists simply of a manometer containing a glass 
tube filled with colored liquid, which changes its level 
according to the pneumatic pressure applied to it. A scale 
located beside the indicating manometer is graduated in 
percentages of CO,. i 

A simple steam or water aspirator is used to draw the 
gas from the boiler, through the meter. A large volume 
of gas is bypassed around the meter at the same time, 
under the action of the aspirator, which results in speedy 
response to change in furnace conditions. 

Suction from the aspirator is maintained constant, by 
a simple hydrostatic regulator regardless of possible as- 
pirator pulsations. This regulator is simply a closed vessel 
filled with water, the space above which is connected with 
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the aspirator. An air inlet pipe extends into the water to 
a point near the bottom of the vessel and is so arranged 
that air may be drawn in through the bottom of this pipe 
and caused to bubble up through the water under the effect 
of the suction above the water. This bubbling air auto- 
matically prevents the suction from increasing beyond the 
point for which the regulator is designed: The water level 
in this regulator is kept constant by a fixed overflow. A 
similar hydrostatic regulator, placed in the inlet bypass, 
previously mentioned, likewise acts to hold the suction on 
the inlet side of the machine constant, irrespective of any 
variations in the chimney draft. 

The “Apex” CO, indicator is being manufactured by 
the Uehling Instrument Co., of Paterson, N. J. A cor- 
responding instrument of the recording type is also being 
introduced by the same company. 








Improvements Made in Brown 
Locomotive Crane 


EVERAL improvements have been made in the No. 4, 
20-t. capacity, locomotive crane, which is built by the 
Brown Hoisting Machinery Co., of Cleveland, Ohio. The 
main changes are: the high boom hitch, wide truck frame, 














WIDE TRUCK FRAME INCREASES STABILITY 


extra large diameter rotating ring and the contour of the 
cab. 

One shaft has been eliminated from the crab, thereby 
making the remaining parts much more accessible. The 
drums are independently driven and free running with 
outside band clutches. The worm gear boom hoist runs in 
an oil bath and this, with the high boom hitch, makes 
booming with loads an easy operation. 

An innovation in locomotive crane construction is the 
specially constructed wide truck frame with a center sill 
running the entire length, to which are fastened the fric- 
tion type draft gearings. In consequence of the wide 
truck-frame an extra large rotating ring is made possible, 
which materially adds to the stability of the crane. The 
load rollers that support the revolving superstructure are 
larger and are removed from above without jacking up the 
superstructure. The vertical rotating shaft can also be 
removed from above. 

Another change is that the counterweight device for 
retrieving the tag line and electric cable in grab bucket 
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and magnet work has been discarded and in its place an 
arrangement that is both compact and novel has been in- 
stalled. The main hoist shaft is extended through the crab 
far enough to accommodate a small drum and “nigger- 
head,” the latter being keyed to the shaft. The small 
drum, upon which the tag line or electric cable is wound, 
is rotatably mounted on the shaft and is driven by the 
“niggerhead” through a slip friction device. 


New Thermostatically 
Operated Trap 


O MEET the demand for a steam trap capable of uni- 

versal use over a range of from 0 to 100 lb., the Sarco 
Co., Inc., of New York, has adapted special helical tubing 
to a new use, having designed a “balanced pressure” steam 
trap which, while possessing the advantages of thermostatic 
operation, is independent of pressure variation. 

The new model uses a seamless tube of heavy bronze, 
deeply corrugated in helical form. The corrugations per- 
mit of extreme flexibility in a longitudinal direction, and 
the use of helical corrugations result in an even distribu- 
tion of the movement, and therefore, an even stressing of 
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HELICAL BELLOWS OF SEAMLESS BRONZE TUBING OPERATES 
THE TRAP 


the metal. The difference between the movement of a 
helically corrugated tube and one made with annular cor- 
rugations is somewhat the same as the difference between 
the movement of an accordion and of a spiral spring. In 
the latter case, the movement is wave like. This helical 
construction is important as it ensures a longer life. 

In the course of much experimental work involved in 
the construction of the new steam trap, proportions were 
worked out that secure a balancing of pressure between the 
operating fluid and the steam, which permits the discharge 
of condensation as quickly from high pressure steam as 
from low despite the wide temperature variations. In ac- 
tion, the higher temperature of high pressure steam gener- 
ates a higher pressure within the thermostatic element and 
this balances against the higher steam pressure in the line, 
so that the trap actually works on a differential between 
pressure and temperature and is effectively operative at 
any pressure within its range. 
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Since the new trap has large discharge area and high 
lift, maximum capacity is provided. It is of special value 
on steam jacketed cooking vessels, line drips, high pressure 
heating coils, laundry equipment, kitchen and hotel fix- 
tures and for use as an automatic high pressure air vent, 
etc. 


New Indicating Draft Gage 


NE of the new products of the American Schaeffer & 
Budenberg Corporation of Brooklyn, N. Y., is an in- 
dicating draft gage of a type shown in the accompanying 





MECHANISM IS ACTUATED BY MULTIPLE BOX DIAPHRAGM 
- SPRINGS 


illustration. The actuating mechanism is made up of mul- 
tiple box diaphragm springs and sensitive movements. The 
movements are provided with key adjustment for setting 
pointers to zero if deranged in transit or by subjection to 
over pressure. 

Metal construction is used throughout and the moisture 
proof cases are designed for mounting either directly on 
the gage boards or so that the instruments are flush with 
the board. Three general types are built: the single unit 
in a round case and double and triple units in a square 
case. Scale ranges are built for pressure or suction from 
0 to 6 in. and in various combinations. 


Wisconsin Valley Electric Co. Acquires 
Rhinelander Plants 


THE Wisconsin VALLEY Exzorric Co. recently pur- 
chased all of the properties and equipment of the Rhine- 
lander Light & Power Co. and will have immediate pos- 
session. The new company will serve in addition to 
Merrill, Wausau, Tomahawk and Stevens Point where 
they have maintained stations, the towns of Rhinelander, 
Crandon, Monico, Pelican Lake and Elcho. A line connect- 
ing the two properties will be built from Rhinelander to 
Tomahawk which is a distance of about 18 miles, thus 
connecting up other water and steam power plants along 
the Wisconsin River. 
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- Tur Cuicaco Section of the American Society of 
Mechanical Engineers will hold, on January 14 and 15, a 
power meeting similar to that which was held last year. 
This year, however, two days will be devoted to the read- 
ing of papers and their discussion instead of an all-day 
session as was the program last year. Two features of spe- 
cial interest to engineers will be a banquet with special 
entertainment and an inspection trip through the Craw- 
ford Ave. station of the Commonwealth Edison Co. which 
is especially interesting because of the high pressure 
boilers, steam reheating and the three different types of 
large turbines. The papers to be presented, according to 
the tentative program, are as below: “Combustion Con- 
trol” by T. A. Peebles, “Large Steam Turbines” by Fran- 
cis Hodgkinson, “Uniflow vs. Compound Duofold En- 
gines” by Robert Cramer, “The Diesel Engine” by L. H. 
Morrison, “Preheating Furnace Air” by C. W. E. Clark, 
“Boiler and Turbine Room Auxiliaries” (author to be an- 
nounced later) and “Features of the Crawford Ave. Sta- 
tion” by W. L. Abbott. 

PreEsIDENT GriFFITH has announced that the next an- 
nual convention of the N. E. L. A. will be held in San 
Francisco the week of June 15, 1925. Public Utility offi- 
cials in San Francisco are already making plans for the 
entertainment of the delegates and guests and have ob- 
tained assurance from the Hotel Men’s Association of the 
city that excellent hotel accommodations and first class 
service will be available during the convention. Since the 
date of the convention was announced two or three months 
ago it has been a matter of speculation as to whether Port- 
land, Ore., the home of President Griffith, or San Fran- 
cisco would entertain the convention. Both cities, through 
their Mayors, Chambers of Commerce, and civic organiza- 
tions, had bid strongly for the convention. Portland was 
finally eliminated after numerous canvasses made by the 
Portland Chamber of Commerce and by members of head- 
quarters staff had proved that Portland’s hotels would be 
inadequate for so large a convention, particularly during 
the tourist season. 

ANNOUNCEMENT Is made by the American Engineering 
Council that the annual meeting will be held in Washing- 
ton January 16-17, 1925. The Administrative Board of 
the Council will convene in that city on the previous day. 
Co-operation of the engineering societies of the United 
States with the Federal Government in carrying out the 
provisions of the Clarke-McNary Act, and the policy of 
the engineering profession on the question of consolidating 
the public works functions of the government will be 
among the principal topics considered. 


ARTICLES OF association bringing about a merger of 
the Barre Gas Co., St. Albans Gas Co. and the Springfield 
Gas Co., all of Vermont, under the Vermont Lighting Cor- 
poration of Barre, with a capital of $500,000, have been 
filed with the secretary of state. The merger has been ap- 
proved and the new company takes over by purchase all 


of the properties mentioned. 


GreNERAL Exvectric Co. has been awarded the contract 
for building the 43,750-kv.a. steam turbine for the Narra- 
gansett Electric Lighting Co., of Providence, for its new 
plant. The Narragansett company will, during the next 
year, spend approximately $4,000,000 in improvements 
and enlargements of its generating and distributing sys- 
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tems. These include the following: $1,200,000 for an ad- 
dition to its boiler house; $850,000 for the new turbine, 
installation and addition to the turbine building ; $1,000,- 
000 for improvements to transmission lines; $350,000 for 
the erection of a plant for pulverizing coal; $160,000 for 
a new intake tunnel and $75,000 for new cable under the 
Providence River. In addition extensive improvements in 
the efficient management and handling of business will be 
made. Capacity will be increased about 50 per cent by 
the improvements. 


Wo. F. BanTLe has recently accepted position of chief 
engineer of the Bartel Brewing Co., of Syracuse, N. Y. 


D. L. Fagan has joined the Smoot Engineering Corp. 
of New York City as service engineer on installation, 
maintenance, combustion control and regulation for power 
plants. 


H. C. Forcr, Clayville, N. Y., has been appointed chief 
engineer of the Avalon Knitwear Co., of Utica, N. Y. Mr. 
Force was formerly employed as engineer with Clayville 
Knitting Co., Clayville, N. Y. He took charge on Nov. 
1, 1924. 


C. C. Hermann has resigned from the position of 
chief engineer and general superintendent, The Litchfield 
Manufacturing Co., of Waterloo, Iowa, which he has occu- 
pied for the past 5 yr. He will devote his entire time to 
his consulting engineering practice, specializing in power 
plant design and fuel oil problems. 


BYLLEsBy ENGINEERING & MANAGEMENT CorPoRA- 
TION is now completing the new plant at North Bend, Ore., 
and expects to have it operating by January 1, 1925. This 
is a steam plant with a 5000-kw. General Electric turbine 
and two Stirling boilers to be fired with hog fuel. Con- 
struction work is under the direction of Geo. F. Phythian, 
of the Byllesby organization. ; 


Conveyors Corporation of America, 326 West Madi- 
son St., Chicago, Ill., announces the appointment of C. S. 
Price, First Nat’] Bank Bldg., Hazleton, Pa., as its district 
representative for Northeastern Pennsylvania. Associated 
with Mr. Price in the sale of the American Steam Jet Ash 
Conveyor is E. E. Elliott, who has had wide experience in 
steam jet ash disposal engineering. 


SoME TIME ago certain of the larger stockholders of 
Elliott Co., Pittsburgh, Pa., became financially interested 
in the Kerr Turbine Co., Wellsville, N. Y., and recently 
acquired a large controlling interest in that company. In 
view of the close financial relations existing between the 
controlling interests of the companies, it was logical for 
Elliott Co. to take over the interest held by its stockholders 
in the Kerr Turbine Co., thereby adding Kerr turbines te 
its already large line of power plant equipment. Kerr tur- 
bines will continue to be manufactured at the Kerr plant, 
Wellsville, N. Y., under the direction of Elliott Co., and 
the engineering and manufacturing organization at Wells- 
ville will be retained. 


DurInG THE WEEK of Dec. 1, general office, factory 
and branch executives of Fairbanks-Morse & Co. met at 
the Chicago office and then made an inspection trip to 
factories of the company at Indianapolis, Three Rivers and 
Beloit. W. S. Hovey, vice-president and general manager, 
stated that, with improved agricultural conditions, the 


outlook for 1925 was promising. Among special features 


seen at the factories were the cast-on end ring for squirrel 
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cage motors, ball bearings now used in 75 per cent of the 
motors sold, a 40,000 g.p.m., 36-in. pump which developed 
87 per cent efficiency, a high-speed, ball bearing pump to 
deliver 325 g.p.m. against 234 ft. head with 74.5 per cent 
efficiency and a new type Y vertical Diesel engine which 
starts without auxiliary ignition. 


THE sTATE of Vermont has recently shipped 15,000 
trout for stocking the new lake formed by the new power 
dam of the New England Power Co.’s dam at Whitingham. 


H. A. Brassert has sold his interests in Freyn, Bras- 
sert & Co., engineers, Chicago. He also has resigned as 
chairman of the board but will continue to act as consul- 
tant for the company. The name of Freyn, Brassert & Co. 
will be changed to Freyn Engineering Co., effective Jan. 2. 


Louistana & ArKAaNnsAS RaiLway Co. are planning on 
the installation of a new 150 hp. boiler in their new rail- 
road shops at Minden, La. They have three 150-hp. Heine 
boilers in use at the present time and are using both gas 
and oil for fuel. 


Crown WILLAMETTE PuLP & Paper Co., Amas, Wash., 
has just received a new Filer & Stowell 21 by 36 in. twin 
engine of 960 hp. that they expect to have in operation 
shortly. The engine will be set up under the direction of 
H. S. Clark, chief engineer. 


Tur Hypro-ExLectric Corporation, Boston, Mass., 
has been incorporated with 1000 shares of common stock of 
no stated par value. The incorporators are John H. Blod- 
gett, Swampscott, Mass. ; Frederick D. Nims of Boston and 
John H. Sherburne of Brookline, Mass. 


THE SOUTHEASTERN Power & Licut Co., Augusta, 
Me., has been incorporated with 500,000 shares common 
and 100,000 shares preferred stock of no stated par value. 
E. M. Leavitt is president and Frank E. Southard is treas- 
urer and clerk, both of Augusta. 


Arcapia Licut & Water Co. at Arcadia, La., is going 
to install a new 300 hp. oil engine. At the present time 
they have one 200-hp. and two 50-hp. Fairbanks-Morse oil 
engines. The new engine will replace the two 50-hp. units. 
E. B. Barnett is chief engineer of the plant. 


THe Montavk Etecrric Co., whose plant is nearing 
completion at Somerset, Mass., on the Taunton River, has 
petitioned the Massachusetts Department of Public Utili- 
ties for permission to construct transmission lines to carry 
current to nearby cities and towns. These include lines for 
the Bridgewaters, Raynham, Taunton and Brockton, Mass. 


NorTHWESTERN EEcrric Co., Portland, Ore., is con- 
structing a power line to the site of the new hydro gener- 
ating plant to be erected on the Lewis River near Yale, 
Wash. Construction of dam will be started at once under 
the direction of Lyman Griswold, consulting engineer, 
Portland, Ore. When completed the plant will be known 
as Lewis River station and will develop 45,000 hp. 


Lynn Gas & Exectric Co. of Lynn, Mass., will build 
an additional electrical plant at a cost of approximately 
$1,000,000 and a new gas plant at a cost of $600,000, ac- 
cording to present plans. Work on reclaiming marsh land 
as a location for the two plants has already started. The 
company recently took over the power plant of the Eastern 
Massachusetts Street Railway Co. and has since been sup- 
plying current for its lines in Lynn and vicinity. The 
new electric plant will have a capacity of 16,000 hp. 
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PLANS HAVE been prepared by Jenks & Ballou, of Prov- 
idence, R. I., and the general contract let to D. E. McIntyre 
Co., Inc., of Boston, for a power plant on Eddy St., Provi- 
dence, for the Narrangansett Electric Lighting Co. to cost 
approximately $2,500,000. The plant will be built in two 
sections, the main section 100 by 107 ft. and 105 ft. high; 
the other 38 by 75 and 80 ft. high, mostly of steel con- 
struction. . 


Books and Catalogs 


CoMBUSTION IN THE PoweER Puant, by Thomas E. 
Marsh, M. E. 250 pages. 63 illustrations; size 544 by 
71% in.; New York, 1924. Net, $2.00. 

As a headpiece to one of the chapters of this book, the 
following apothegm appears: “The man who pays the 
bills knows more about C.0O.D. than about CO,. Until 
engineers realize this and get this viewpoint, their value is 
limited.” Mr. Marsh writes to show the engineer that 
after all his big job is not simply to raise the thermal effi- 
ciency of his boilers, but also to manufacture a definite 
product—so many thousand pounds of steam containing 
a definite amount of heat energy—at the lowest possible 
cost. Since it discusses the combustion problem as one of 
economics as well as of engineering, the book should also 
be of interest and value to the consulting engineer, the 
purchasing agent and the industrial executive as well as to 
the operating engineer. 

The author discusses at some length the various fuels 
now available, and the factors entering into the proper 
method of selecting a suitable coal for the particular fur- 
nace and stoker conditions at hand. On the subjects of 
boiler operation, trouble investigations and ash disposal, 
the author’s remarks are brief but pointed and apply to 
general coal-burning conditions. 

The book is well illustrated with charts and tables, giv- 
ing combustion information, not found in other texts, that 
can be used effectively by the operating engineer. 


INDUSTRIAL CoAL, PURCHASE, DELIVERY AND STORAGE. 
A report of American Engineering Council. 386 pages; 
charts and tables, 544 by 8 in. Cloth, New York, 1924. 
Price, $5.00. This book gives the history of and the re- 
sults arrived at by a committee appointed by American 
Engineering Council to investigate what can be done to 
improve coal production and marketing. It is an excellent 
example of how such an investigation should be conducted 
and of what an impartial, scientific consideration of eco- 
nomic problems can do to unearth a solution to such prob- 
lems. If the coal users and producers of the country will 
get together along the lines recommended in the report, 
seasonal fluctuations in demand can be largely eliminated 
so that the present wasteful over-manning of the industry 
and over development of producing facilities can be rem- 
edied and adequate supply of coal assured to all sections 
of the country at all times with little, if any, additional 
cost and probably with a saving in cost to the consumer 
in the long run. 

Each chapter of the book was written by a man who 
had made special study of the topic on which he wrote and 
the recommendations are those of the committee as a 
whole, after careful consideration of the conditions which 
the investigation disclosed. Among the authors are W. L. 
Abbott of the Commonwealth-Edison Co., L. W. Wallace 
of the American Engineering Council, P. F. Walker of the 
University of Kansas, R. V. Wright of the Simmons 
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Boardman Co., O. P. Hood of the Bureau of Mines. In 
the work, the committee was assisted by subcommittees of 
important users of coal in the industrial centers of each 
state, so that the data were gathered from the firms using 
coal in every section of the country by those familiar with 
conditions in those sections. 

A questionnaire which was answered by 530 users of 
coal was sent out covering the kind of coal used, the 
amount by months, source of fuel and price, maximum 
and minimum amounts in storage, minimum reserve 
carried, system of storage used and special features and 
precautions, losses experienced from deterioration, break- 
ing down and spontaneous combustion, estimated money 
loss per ton, cost of storage facilities including ground, 
structures and equipment, cost of handling in and out of 
storage, rates and conditions of insurance, taxing regula- 
tions. In addition to the replies data was taken from 
government and state reports on production, consumption 
and storage so that a complete survey was had of the 
industry. 

Full resume of the findings of the committee is not 
possible in the space available for a review of the book but 
it is of interest to note that experience shows that with 
proper precautions there is no difficulty in storing bitu- 
minous coal, that there is little loss in heating value or 
burning qualities and that by putting about 25,000,000 
tons in storage as of Sept. 30 in addition to the 56,000,000 
tons which were in storage on Sept. 1, 1923, the coal pro- 
duction of the country can be put on a uniform monthly 
basis. Cost for storage facilities runs from a few cents 
per ton capacity for the larger plants up to $2.50 for the 
smallest plants and the cost of storage, including overhead, 
will run from 50 to 75 cents a ton in the larger plants and 
from $1 to $1.50 a ton in the smaller plants. In this con- 
nection it is interesting to note that 75 per cent of the 
buyers use only 11 per cent of the coal, 21 per cent of the 
buyers use 30 per cent of the coal and 4 per cent of the 
buyers use 59 per cent of the coal burned for industrial 
purposes. The higher costs of storage equipment and 
handling would, therefore, apply to only a small percent 
of the coal used. 

A chapter of 28 pages is devoted to methods of stor- 
age and storage equipment, one of 26 pages to equipment 
costs and a final chapter of 139 pages to a discussion of 
how the plan of uniform monthly shipments would work 
out in a number of different cities. In Boston, for in- 
stance, the actual monthly shipments varied from 53,800 
tons in May, 1922, to 169,100 t. in Jan., 1923. By pro- 
viding storage for 114,500 tons, or 8.9 per cent of the 
annual consumption, the uniform monthly shipment would 
become 103,725 t. In St. Louis the monthly shipments 
ran from 60,200 t. in August to 225,000 t. in January, 
which could be made a uniform monthly shipment of 125,- 
983 t. by storing 201,300 t. 

This report deserves the earnest study of every indus- 
trial coal user and the plan would seem to hold the solu- 
tion of the vexed problem of putting the coal industry on 
a sound basis. 


“JONES PowrER TRANSMISSION MACHINERY,” is the 
title of Catalog No, 31 describing shaft hangers, pillow 
blocks, couplings, collars, belt tighteners, mule stands, bench 
legs, etc., manufactured by W. A. Jones Foundry & Machine 
Co., Chicago. Catalog No. 32 is entitled “Jones Sprocket 
Wheels and Chain Belting,” and covers a full line of 
sprocket wheels and chain belting, as well as chain tighten- 
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ers, elevator boots, buckets, bolts, hand wheels, etc., illus- 
trations, listing prices and complete specifications on all 
items shown. 

THe Foxsoro Co., Foxboro, Mass., has just issued 
Bulletin No. 96-1, describing its recording and indicating 
instruments designed especially for power plant use. 


CENTRIFIX, a centrifugal fixture for boilers, drums, 
receivers and distilling apparatus, is described in Bulletin 


No. 100, issued by the Centrifix Corp. of Cleveland, O. - 


This bulletin is well illustrated to show the construction 
of the centrifix and also its application to the steam outlet 
of steam boilers. 


DrksEL ENGINES IN MepIuM-PowWERED CENTRAL StTa- 
TIONS is the title of an 8-page bulletin recently issued by 
the Fulton Iron Works Co., of St. Louis, Mo. One feature 
of the bulletin is a discussion of the comparative size and 
list of equipment of a 1000-kw. steam plant and a 1000- 
kw. Diesel engine plant. 


Catatoe No. 19 of the Pioneer Rubber Mills, San 
Francisco, Calif., describes the belting, hose packing and 
other kinds of mechanical rubber goods which this com- 
pany manufactures. The book is well illustrated and gives 
considerable technical data, which is of value to the en- 
gineer in selecting and ordering his supplies. 


Skinner Encine Co., of Erie, Pa., has just issued a 
catalog under the title, “Skinner Guaranteed Saving Con- 
tract.” This catalog reproduces several important parts of 
the contract which the company offers in supplying Uni- 
versal Unaflow engines and gives the results obtained in 
38 different cases where unaflow engines have been in- 
stalled. 

LIBERTY VALVE operators are described in an 8-page 
bulletin issued by the Liberty Electric Corp., Stamford, 
Conn. This bulletin points out that this electrical valve 
operator is regularly fitted with both a time limit switch 
and an overload cutout. A safety clutch is also provided 
which, it is claimed, will slip before the valve can be 
strained or the stem sprung. 


CRESCENT AND OTHER THERMOMETERS for all Indus- 
trial Requirements” is the title of Catalog No. 200, re- 
cently issued by the American Schaeffer and Budenberg 
Corporation, of Brooklyn, New York. Besides illustrating 
and describing the standard types of thermometers, the 
catalog also gives illustrations of many special forms which 
may be required in various industries. 


KELLOGG HIGH pressure and high temperature piping 
is the title of a new 44-page publication of The M. W. 
Kellogg Co.,. designers, fabricators and erectors of power 
and industrial piping. Numerous notes are given on de- 
sign and many tables show the dimensions of fittings, 
valves and various types of flanges for the American pipe 
standards up to and including 900 lb. steam working 
pressure. 


WESTINGHOUSE TURBINE GENERATOR UNITS, in sizes 
from 500 to 6000 kw., are covered in circular No. 1704 
class 1000 which has recently been published by the West- 
inghouse Electric & Mfg. Co., East Pittsburgh, Pa. These 
turbines are of the combination impulse and reaction type. 
One of the important construction details is the rotor 
which is made of a one-piece solid forging. The bulletin 
discusses this construction and also other details of both 
the steam and electric end of these units. 
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Power in Print 


From thunderbolts to volts; from the age of super- 
stition to the age of knowledge; from the race of men 
shrinking before Nature’s forces to the command of power 
at the touch of a switch—such is the development of 
electricity as known to man. 


Kilowatts by the thousands and hundreds of thou- 
sands are silently transmitted beneath a city’s streets or 
cross-country on inconspicuous wires, but the lightning 
play of an occasional storm still arouses comment. 


Only the expert knows how electricity is generated, 
distributed, utilized and the wonders it performs. Only 


the insignificant flashes arouse the layman’s wonder. 


This contrasting viewpoint between the specialist in 
the field of power and the population served by it is 
typical of all fields. 


Who knows the relative value of the output of the 
great central station and the spectacular flash and sputter 
of the occasional arc? 


How shall a man hitch his life to reliable sources of 
power; connect up to the correct voltage; increase his 
own capacity to perform powerfully and smoothly? 


These are the problems of all lives; that face us 
throughout life; that constitute, in their solution, life 
itself. 


Man or the work of any one man cannot survive time. 
Men working together, each contributing his increment of 
thought, plans and vision; each giving the skill of his 
hands and the strength of his body, pass on the torch of 
knowledge, build mightily in steel and stone, and so have 
found the way to approximate eternity with their insti- 
tutions. 


Thus electricity has been snatched from the clouds and 
strung on myriad wires throughout the land and under 
seas, and woven into the very warp and woof of the life 
of a great people. 


No finer flower of civilization exists than the develop- 
ment of this great industry that creates power from raw 
materials and brings it to universal serviceability. No 
better example can be offered to any industry than that of 
our own field of power. 


Throughout hundreds of years men have passed on 
their observations; given freely the results of their experi- 
ments; written, lectured and taught without thought of 
self, ever enlarging and making more exact the science of 


power, 





For a century and a half men have been building ma- 
chines and equipment ever larger and more efficient, safer 
and more reliable, to more economically generate power. 


Upwards of 50 years have passed during which time 
the pioneers in electrical generation and distribution have 
grown into a mighty army. 


Today millions of people are served by power, hundreds 
of thousands of people invest in it, the life work of thou- 
sands is given to it. What shall the future be? 


Nineteen Twenty-Five beholds in this vast industry, 
in which lies the future of every man who reads this page, 
a steady acceleration of the rate of expansion of popular 
demand for power and support of the companies that sup- 
ply it; of progress in theory and knowledge; of advance- 
ment in practice and methods; of improvement in 
machines, equipment and supplies available for every phase 
from fuel to switch. 


You, the readers of Power PLANT ENGINEERING, are 
each charged with the high responsibility of literally light- 
ing the way of mankind, upholding its arms with more 


‘ power and in so doing, furnishing the very sinews of all 


advancement in all fields and of all the people. 


This 17th Annual Number of Power Piant Enar- 
NEERING has been brought to your service through a far- 
reaching, close-working co-operation such as builds great 
plants and the machines that go into them. 


Made possible by the free-giving of many men of many 
minds, the skill and strength of many trades, the devotion 
of many masters each in his own field, the staunch support 
of the outstanding engineering and manufacturing firms 
in the power plant field, it comes as a tool for everyday 
use in your great work. 


It represents in print the reliable sources of power to 
draw upon in your work, just as the output of your plant 
is power on which a hundred or a hundred thousand men 
depend for their daily work. 


Advertisements in these pages are of firms who have 
defied time in the only way it can be defied—by constant 
growth and progress and ever greater service. 


Profit by connecting up to these great dynamos of 
energy that in a thousand and one ways are blazing new 
trails in thought, testing every theory, and then offering 
to you the final tried.and proved units that are essential 
to power plants that will share in the immediate future 
of the industry. 
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Machinery, Equipment and Supplies Used In 
The Production and Transmission of Power 


| Under the heading of each product listed will be found the names of the manufac- 
turers of that product. The index to advertisers, next to the back cover, gives 
the page numbers on which the manufacturers’ descriptive advertisements appear. 








AIR CHAMBERS. 
Hercules Float Wks., Springfield, 


Mass. 
AIR COMPRESSORS. 
Allis- Chalmers yous Co., Mil- 
waukee, ; 
American Well "Works, Aurora, 
Ill 


Dean Bros. Co., Indianapolis. 
De Laval Steam Turbine Co., 
Trenton, N. . 
Ingersoll-Rand Co., New York. 
Worthington Pump & Machinery 
Corp., New York, N. 
Yeomans Bros., Co., Chicago, Ill, 
AIR WASHERS. 
Badger & Sons Co., E. B., Bos- 
ton, Mass. 
Buffalo Forge Co., Buffalo, N. Y. 
Cooling een Co., Ine., The, 
New Yo 
ALARMS, HIGH AND LOW 
WATER. 
Hills-McCanna Co., Chicago, Ill. 
Huyette Co., Inc., The Paul B., 
Philadelphia, Pa. 
Northern Equipment Co., Erie, 
Reliance i a Co., 
Cleveland, 
ARCHES, BOILER COMBUSTION. 
Betson Plastic Fire Brick Co., 
Inc., Rome, ¥. 
Brady Convey ors Corp., Chicago. 
} Detrick Co., M. H., Chicago. 
' Girtanner Engineering Corp., 
H New York, N. Y. 
‘ Harbison - Waiker Refractories 
; Co., Pittsburgh, Pa. 
Hofft Co., de M. A., 
apolis, In 
Jointless Fire Brick Co., Chicago. 
Lavino & Co., E. J., ‘Phil adel- 


Indian- 


phia. 

Liptak Fire Brick Arch Co., 
Mexico, Mo. 

McLeod & Henry Co., Troy, N. Y. 

Queen’s Run Refractories Co., 
Inc., Lock Haven, Pa. 

Quigley Furnace Spec. Co., 
New York 

ASH BIN GATES AND DOORS. 

Allen-Sherman-Hoff Co., The, 
Philadelphia, Pa, 

Beaumont Mfg. Co., Philadel- 

, phia, Pa. 
} Brady Conveyors Corp., Chicago. 

Frederick Iron & Steel Co., 
Frederick, Md, 

Girtanner “Ss Sl Corp., 
New York, N. 

ASH CONVEYING cee. 

Beaumont Mfg. Co., Philadel- 
phia, Pa. 

Brady Conveyors Corp., Chicago. 

Brown Hoisting Machinery Co., 
The, Cleveland, Ohio. 

Conveyors Corp. of America, 
Chicago, 

Detrick Co., M. H., Chicago. 

Frederick Iron & Steel Co., 
Frederick, Md. 


Girtanner Engineering Corp., 
New York, N. Y. 

Link-Belt Co., Chicago, Ill. 

Stearns Conveyor Co., The, 
Cleveland, Ohio, 

Stephens-Adamson Mfg. Co., 


Aurora, Ill. 
United Conveyor Corp., Chicago. 
Webster Mfg. Co., The, Chicago. 
ASH HANDLING SYSTEMS, 
Allen-Sherman-Hofft Co., The, 
Philadelphia, Pa. 
i United Conveyor Corp., Chicago. 
r ASH TA 
United Conveyor Corp., Chicago. 
BABBITT METAL, 
Magnolia Metal Co., New York. 
; BAROMETERS. 
i Taylor Instrument Co’'s., Ro- 
chester, N. 
BEARING METAL. 
Magnolia Metal Co., New York. 
Strong, Carlisle & Hammond Co., 
The, Cleveland, Ohio. 
BELT CONVEYORS. 
Brown Hoisting Machinery Co., 
The, Cleveland, Ohio. 
Stearns Conveyor Co., The, 
i Cleveland, Ohio. 
i Stephens-Adamson Mfg. Co., Au- 
| Webster Mfg Cc 
} ebster -. a” The, Chicago. 
t BELT DRESSIN si 
Cling-Surface c, » Buffalo, N. Y. 





BLOWERS, 





Dixon Crucible Co., Jos., Jersey 
y, N. J. 
Standard Oil Co. (Indiana), 
Chicago, Ill. 
Stephenson Mfg. Co., Albany, 
BELT LACING. 
Bristol Co., The, Waterbury, 
Conn, 
BELTING. 
Lombard Iron Wks. & Supply 


Co., Augusta, Ga. 

Quaker City Rubber Co., Phila. 

United ~— _Rubber Co., New 
York, N. 

Voorhees ee Mfg. Co., Jer- 
sey City, J. 


N, 
BELTING G, SILENT CHAIN, 


Link-Beit Co., eee. eke 
Morse Chain Co., Y. 
FAN AND FURNACE, 

Buffalo Forge Co., Buffalo, N. Y. 

Carling Turbine Blower Co., 
Worcester, Mass. 

Coppus Engineering Corp., Wor- 
cester, Mass. 

De Laval Steam Turbine Co., 
Trenton, N. 

Ingersoll-Rand Co. . New York. 

Sturtevant Co., B, F., Boston. 

Terry Steam Turbine Co., The, 
Hartford, Conn. 

Wing Mfg. Co., L. J., New York. 


S>SNMNMNMNANATUT 


Botfield Refractories Co., Phila- 
delphia, Pa. 

General Refractories Co., Phila- 
delphia, Pa. 

Harbison - Walker Refractories 
Co., Pittsburgh, Pa, 

Huyette Co., Inc., The Paul B., 
Philadelphia, Pa. 

Jointless Fire Brick Co., Chicago. 

King Refractories Co., Inc., Buf- 
falo. N. Y. 

Queen’s Run Refractories Co., 
Inc., Lock Haven, Pa. 

Quigley Furnace Spec. Co., 
New York. 


BOILER SETTING 


Ss. 
— gored Fire Brick Co., 


Inc., Ro 

Botfiela’ ‘Refractories ‘Co., Phila- 
delp Pa. 

Generat. pe Co., Phila- 
delphia, Pa. 

Harbison - Walker Refractories 
Co., Pittsburgh, Pa. 

Jointless Fire Brick Co., Chicago. 

King Refractories Co., Inc., Buf- 
falo, N. Y. 

—_, & Co., E. J., Philadel- 


Pp 
McLeod & Henry Co., Troy, N.Y. 
Queen’s Run Refractories Co., 
Inc., Lock Haven, Pa. 
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BLOWERS, PORTABLE, 


Buffalo Forge Co., Buffalo, N. Y. 


Clements Mfg. Co., Chicago, Ill. . 
gg STEAM. 


Schutte & Koerting Co., Phila. 
BE. 


BLOWERS, TU. 


Bayer Co., The, St. Louis, Mo. 

Diamond Power Specialty Corp., 
Detroit, Mich. 

Marion Mach., Fdry. & Supply 
Co., Marion, Ind. 

Sherwood Mfg. Co., Buffalo, 

Vulcan Soot Cleaner Co., Du 
Bois, Pa. 

wanes. timed J., Philadel- 


phia, Pa. 
BLOWERS, TURBINE. 


Carling Turbine Blower Co., 
Worcester, Mass. 


Moore Steam Turbine Corp., 
Wellsville. N. Y. 
Sturtevant Co, B. F., Hyde 


Ra Mass. 
g Mfg. a) i J., New York. 


BOILER BAFF 


Betson Plestic "Fire, _ Brick Co., 
Inc., Rorne, } 

Johns-Manville, eg = ‘New York. 

Jointless Fire Brick Co., Chicago. 

King Refractories Co., Inc., Buf- 
falo, N. Y. 

Qui Vy 2 ey Furnace Spec. Co., 


ork. 
BOILER ‘CAP CLEANERS. 


Lagonda Mfg. Co., Springfield, 


0. 
BOILER COMPOUNDS. 


Botfield Refractories Co., Phila- 
delphia, Pa. 

Dearborn Chemical Co., Chicago. 

Hawk-Eye Compound Co., Blue 
Island, x 

Paige & canes Chem. Co., Chi- 


cago, ° 
BOILER COMPOUND FEEDERS. 


Hills-McCanna Co., Chicago, Ill. 


eee: | Hn ho PURIFY- 


G APPARATUS, 
Griscom-Russell Co., New York. 
Paige & Jones Chem. Co., Chi- 

cago, Ill. 
Permutit Co., The, New York. 
Power Plant Specialty Co., Chi- 

cago, Ill. 


BOILER MOUNTINGS. 


Lunkenheimer Co., Cincinnati. 


BOILER SETTING CEMENT. 


Betson Plastic Fire aoe Co., 
Inc., Rome, N. 


Roto 
BOILER 


BOIL: 





Quigley Furnace Spec. Cu., 
New York. 
Webster, Howard J., Philadel- 


phia, Pa. 
BOILER — 


Sims Co., The, 


BOILER TUBE ' CLEANERS. 


—— Mfg. Co., Springfield, 


hio. 

Liberty Mfg. Co., Pittsburgh, 

Pierce Co., The Wm. B., Buf- 
falo, N. Y. 

Co., The, Hartford, Conn. 

TUBES. 


Babcock & Wilcox Tube Co., 
The, Beaver Falls, Pa. 
Soany. Steel & Iron Co., Chicago. 
ER WALL COATINGS. 


Botfield Refractories Co., Phila- 
delphia, Pa. 
John Manville, Inc., New York. 


BOIL 


Babcock & Wilcox Co., New 
Bedenhausen Corp., Philadel- 


phia, Pa. 
Bethlehem Shipbuilding Corp.. 
Bethlehem, Pa. 
Bigelow Co., The, New Haven 
a Co., The, Chatta- 
en 
Connelly Boiler Co., The, D., 
Cleveland, Ohio. 
wees tal Iron Co., Edge Moor, 


Erie City Iron Works, Erie, Pa. 

Freeman Mfg. Co., Racine, Wis. 

Kingsford Fdry. & Mach, Co., 
Oswego, N. Y. 

Ladd Co., The Geo. T., Pitts- 
burgh. 

Lombard Iron Works & Supply 
Co., Augusta, Ga. 

Page Water-Tube Boiler Co., 
Chicago, Ill. 

Union Iron Works, Erie, Pa. 

Webster, Howard J., Philadel- 


phia, Pa. 
Wickes Boiler Co., The, Sagi- 


naw, Mich. 
BOOKS AND SCHOOLS. 


Audel & Co., Theo., New York. 

Hays Institute, The, Chicago. 

McGraw-Hill Book Co., Ine., 
New York, N. Y. 5 


BRUSHES, DYNAMO & MOTOR. 


Calebaugh Self-Lubricating Car- 
bon Co., Inc., Philadelphia. 

Dixon Crucible Co., Jos., Jersey 
City, N. J. 


BRUSHES, GRAPHITE. 
— A ag Co., Jos., Jersey 


ws 
BRUSHES, 
Pilley Picg. ry Flue Brush Mfg. 
Co. Louis, Mo. 
BUCKET ELEVATORS. 
Brown Hoisting Machinery Co., 
The, Cleveland, Ohio 
Link-Belt Co., Chicago, Ill. 
Webster Mfg. Co., ey Chicago. 
BUCKETS, CLAMSHEL’ 
Brown Hoisting Deakibery Co., 
The, Cleveland, Ohio. 
CAR DUMPERS. 
Wellman-Seaver-M organ Co., 
The, Cleveland, O. 
CARRIERS, PIVOTED BUCKET. 
Webster Mfg. Co., The, Chicago. 
CASTINGS. 
Croll-Reynolds 
New York. 
Fuller-Lehigh Co., Fullerton, Pa. 
eo Engineering Corp., 
w York, N. 
Hills-MeCanna Co., Chicago, Ill. 
Neemes Fadry. Inc., Troy, N. 
CEMENT, FURNACE. 
Betson ag Fire Brick Co., 


Engrs. Co., 


Rome, N. 

Botfield Refractories Co., Phila- 
delphia, 

General Refractories Co., Phila- 
delphia, Pa, 

Harbison - Walker Refractories 
Co., Pittsburgh, Pa. 

Jointless Fire Brick Co., Chicago. 

King Refrac. Co., Inc., Buffalo. 

Queen’s Run Refractories Co., 
Lock Haven, Pa. 

Quigley Furnace Spec. Co., 
New York. 

CEMENT, HIGH TEMPERA- 


ee Refractories Co., Phila- 
delphia, Pa. 


Geumal Retractories Co., Phila- 
delphia, 
Harbison - Walker Refractories 
Co., Pittsburgh, Pa. 
Jointless Fire Brick Co., Chicago. 
King Refrac. Co., Inc., Buffalo. 
Lavino & Co., E. J., Philadel- 
phia. 
McLeod & Henry Co., Troy, 
N. . 
Quigley Furnace Spec. Co., 
New York. 
CEMENT, IRON. 
Smooth-On Mfg. Co., 


City, N. J. 
CHAIN WHEEL 8. 
Babbitt Steam Specialty Co., 
New Bedford, Mass. 
CHAINS, “DRI Vv 
Link-Belt Co., Chicago, Til. 
Morse Chain Co., Ithaca, N. Y. 
CHIMNEYS. 
American Chimney Corp:,, New 
York, N, 
Bigelow Co., The, New Haven, 
CLEANERS, BOILER TUBE. 
General + aed Co., The, Buf- 
falo, N. Y. 
—— Mfg. Co., Springfield, 


re) 

Liberty Mfg. Co., Pittsburgh, Pa. 

Pierce Co., The, Wm. B., Buf- 
falo, Y. 

Roto Co., The, Hartford, Conn. 

Sherwood Mfg. Co., Buffalo, 

CLEANING COMPOUNDS. 
Dearborn Chemical Co., Chicago. 
COAL AND ASH HANDLING 

MACHINERY. 

Allen-Sherman-Hoff Co., The, 
Philadelphia, Pa. 

Beaumont Mfg. Co., Philadel- 
phia, Pa. 

Brady Conveyors Corp., Chicago. 

Brown Hoisting Machinery Co., 
The, Cleveland, Ohio. 

Conveyors Corp. of Amer., Chi- 
cago. 

Detrick Co., M. H., Chicago. 

Fairbanks-Morse & Co., Chicago. 

Frederick Iron & Steel Co., 
Frederick, Md. 


Jersey 


Link-Belt Co., Chicago, Ill. 

Stearns Conveyor Co., he, 
Cleveland, Ohio. 

Stephens-Adamson Mfg. Co., Au- 
rora, Ill. 

















